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From the published accounts of observations upon the 
Zodiacal Light it would seem that few attempts have as yet 
been made to determine whether or not any portion of the 
light is polarized, and the results thus far obtained leave the 
question still undecided. The few notices that can be found | 
in the scientific journals, though uncertain and contradictory, 
tend to the view that it is either not polarized at all, or that 
the proportion of polarized light is so small as to render its 
detection a matter of excessive difficulty. It may be observed 
that most of the observations giving negative results appear 
to have been made with Savart’s polariscope; but with an 
instrument which absorbs so large a proportion of the light 
as a Savart, the amount of polarization necessary to render the 
bands visible increases very greatly as the light becomes fainter, 
and especially so as it approaches the limit of visibility. 
Numerous attempts have been made by the writer to detect 
traces of polarization with a Savart, but never with the slight- 
est result, excepting that on one especially clear evening, 
when the zodiacal light was unusually distinct, the a 
seemed to be visible by glimpses, on the utmost exertion of 
visual effort. The observation was so uncertain, however, that 
it was considered worthless. 

Nearly a year ago a series of observations was begun, in the 
course of which a variety of apparatus was employed, by the 
use of which it was hoped polarization might be detected, either, 
as in the Savart, by bands or other variations in the brightness 
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of parts of the field, or as with the double-image prism, the 
Nicol’s prism, or a bundle of glass plates set at the polarizing 
angle, by a diminution of the brightness of the object itself. 
None of them, however, gave results ofany value. In resuming 
the study of the subject some months later, the attempt was made 
to find a combination which should give a large field of view, 
and which, while absorbing as little light as possible, should 
indicate the presence of even small proportions of polarized 
light, by sufficient variations of intensity to render it available 
with the faintest visible illumination. 

A Savart in which the tourmaline was replaced by a Nicol, 
though possessing almost perfect transparency, was found to 
give too small a field of view, and bands too faint to render it 
of any service. Another instrument was constructed on a plan 
similar to that adopted by Mr. Huggins in observations upon 
Encke’s comet,* by placing a large double-image prism in the 
end of a tube eighteen inches long, the other end of which had 
a square aperture a little more than an inch in diameter. The 
distance was so adjusted that the two images just touched with- 
out overlapping. This seemed to promise well, and on using 
it differences of intensity were perceived which indicated 
_ cacao in a plane passing through the sun. Two defects, 

owever, are inherent to this mode of investigation; one, that 
if the field is not of uniform brightness throughout, the brighter 
side of one image may be juxtaposed to the fainter side of the 
other, thus giving rise to false conclusions; another in the 
unequal sensibility of different parts of the retina. In conse- 
quence of this, the one of the images directly viewed seems 
always the more obscure, and the true relation of their intensi- 
ties can only be found by indirect vision, the eye being turned 
to some point in the median line of the images. Although 
when used with the observance of the necessary conditions, 
this instrument is capable of giving trustworthy indications, it 
was soon abandoned for a better. 

Among the polariscopic apparatus belonging to the physical 
cabinet of Yale College, a quartz plate was found, cut perpen- 
dicularly to the axis, and exhibiting by polarized light an 
unusual intensity of color. It is a macle, the body of the plate 
consisting of left-handed quartz, through which passes some- 
what excentrically a band of right-handed quartz, 6°5 millimeters 
in breadth. This band is not bounded by sharp lines of 
division on the sides, but by intermediate strips (6 4 in the 
figures), about two millimeters in breadth, which are of differ- 
ent structure, and are apparently formed by the interleaving of 
the strata of the two portions at their edges. In the polarizing 
apparatus these strips simply vary from bright to dark, without 
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marked appearance of color. Placed between two Nicols, the 
plate has the appearance represented in the accompanying fig- 
ures, which are drawn of full size. When the corresponding 
2. 


diagonals of the Nicols are parallel, or nearly so, the bands are 
white upon a deep reddish purple ground, as shown in figure 1 ; 
with the Nicols crossed, the bands are dark upon a light green- 
ish yellow background, as represented in figure 2. Turning 
one of the Nicols 45°, in one direction, the observer sees the 
central band a intensely blue upon a yellow ground; turning in 
the other direction, a bright yellow upon a dark blue, and inter- 
mediate positions give the usual varying tints) Examined with 
one Nicol and unpolarized light the plate is perfectly colorless, 
and shows no trace of its heterogeneous structure. 

The quartz plate was placed in one end of a tube, large 
enough to admit its full size very nearly, and eleven inches in 
length. This was found better than a shorter one, as the bands 
are most easily seen when not nearer the eye than the limit of 
distinct vision. In the other end was placed a good sized 
Nicol, and the tube was provided with a joint so that the latter 
could be easily turned. Thus mounted, the plate and Nicol 
form a polariscope of extraordinary sensibility, with faint light 
far excelling the best Savart, and even with strong light some- 
what superior to it. The instrument is especially suited for the 
detection of small degrees of polarization, and the examination 
of very faint lights. The occurrence of the narrow strips is 
peculiarly advantageous, as with very feeble illumination they 
appear bright upon a dark ground, or the reverse, and are thus 
more easily seen. The efficiency of the instrument is further 
increased by the comparatively large field of view, and the 
perfect transparency of the whole combination. 

As a test of its delicacy may be mentioned that when a glass 
plate is laid upon the window-sill, and the light of the sky in a 
clear, moonless night, after reflection from it, is viewed through 
the instrument, both bright and dark bands are easily seen, 
the former appearing surprisingly luminous in contrast with the 
darkened field. The plane of polarization is easily determined 
with it, since when the bright Goad appear, as in figure 1, the 
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longer diagonal of the Nicol is in that plane; when the bands 
are dark, the plane of polarization is parallel to the shorter 
diagonal. 

On the completion of the instrument the first favorable 
opportunity was improved to test its efficiency upon the zodiacal 
light. It was almost immediately found to indicate the exist- 
ence of light polarized in a plane passing through the sun. 
The bands were fainter than had been expected, and at first 
were overlooked. More careful attention, however, and the 
observance of suitable precautions established their presence 
beyond a doubt. The observations were made in a room in the 
upper floor of one of the college buildings, the windows of which 
look toward the southwest, and command a clear view nearly 
to the horizon. The room during the observations received 
light only from the sky, which sufficed to render objects dimly 
visible. After being exposed only to this dim light for fifteen 
or twenty minutes, the eye became sufficiently sensitive for 
observation. This was a very necessary precaution, as a 
moment's exposure to a bright light rendered the eye unfit for 
delicate discrimination of luminous intensities for a long time. 
The Nicol of the instrument was now turned round and round, 
so that no previous knowledge of its position relatively to the 
bands of the quartz plate might influence the judgment as to 
their character and position. On looking through the tube at 
the zodiacal light, and turning the whole instrument slowly 
round, it was possible to find a position where the bands could 
be seen, and their nature and direction determined. They 
could rarely be seen steadily by direct vision, and then only for 
a few moments, as the excitement and fatigue of the eye con- 
sequent upon the straining effort of vision soon rendered the 
field a confused blur. Allowing the eye to rest a few minutes, 
also on turning it obliquely, and rapidly directing it to differ- 
ent parts of the field, and especially by suddenly bringing it to 
focus upon the quartz plate, the bands could be distinctly seen, 
and their direction fixed with a good degree of certainty. 
On the clearest nights the brightest bands (6 , figure 1), were 
seen without much difficulty, the broad dark band (a) corre- 
sponding to an inclination of 45° in the Nicol, less easily, and 
the dark bands (0 , figure 2) by glimpses. After determining, 
by repeated observations, the angle made by each of the bands 
with some fixed line, as the axis of the zodiacal light, or a line 
nearly parallel to it drawn between two known stars, the posi- 
tion of the = of polarization was found, by means of light 
from a gas-flame reflected from a sheet of white paper placed in 
a suitable position, or by observing the position of the Nicol. 
The reults of the numerous observations of different evenings 
were entirely concordant, and showed that the plane of polar- 
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ization passes through the sun, as nearly as it was possible to 
fix its direction. In no instance when the sky was clear enough 
to render the bands visible, did their position, as determined by 
the observations, fail to agree with ne would be required by 
polarization in a plane through thesun. Not the slightest trace 
of bands was ever seen when the instrument was directed to 
other portions of the sky. 

These observations, for the most part, were made in the ten 
days preceding new moon in January and February of the 
present year. During this time there was an unusual number 
of clear nights, with the atmosphere cold and still. A few good 
evenings in March and April also were improved in verifying 
the results previously obtained. The absence of the moon, and 
the distance of any of the brighter planets and stars from the 
field of observation, removed all uncertainties from these sources. 
As the instrument was directed to points from 30 to 40, or even 
more, degrees from the sun, the polarization could not have pro- 
ceeded from faint vestiges of twilight. That itdid not arise by 
reflection of the zodiacal light itself in the atmosphere, or from 
atmospheric impurities, is shown both by its amount and the 
fact that it was always most easily discernible on the clearest 
nights. 

The next step was to determine what percentage of the light 
is polarized. The failure of the common apparatus to detect it 
shows that the proportion is not large, but it must be recollected 
that for a light so very faint much greater differences of inten- 
sity are imperceptible than in cases where the luminous intensity 
is greater. The determinations were made as follows. A bundle 
of four pieces of excellent plate-glass was placed vertically at 
the center of the horizontal divided circle of a Deleuil’s 
goniometer, the telescope of which was replaced by the polar- 
iscope used in the preceding observations. The latter was so 
a that its axis was perpendicular to the surface of the 

undle when the index of the goniometer was at zero. With 
the instrument thus adjusted no bands are seen when unpolar- 
ized light is passed through it, but on turning the glass plates 
bands become visible corresponding to polarization in a vertical 
plane. Theamount of the light polarized by refraction through 
four glass plates at different incidences has been calculated by 
Prof. W. G. Adams* for intervals of 5°, from 10° to 70°, and 
at 72°. Taking the values given in his table for crown glass 
(u=1°5), those for intermediate angles are readily determined 
by interpolation, or graphically. The latter method was 
employed, a curve being drawn representing all the values in 
the table. The results given in the table correspond very well 
with those obtained by Prof. Pickering,t who verified his values 


* Monthly Notices of the Royal Ast. Soc., March 10, 1871, p. 162. 
+ This Journal, III, vol. 7, p. 102. 
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experimentally, and showed that the deviation from theory in 
the case of four plates only becomes perceptible above 65°. 
As Prof. Pickering used the value “=1°55, the numbers in his 
table are slightly greater than those used in constructing the 
curve, from Prof. Adams’s table. 

The determinations were made by observation of the percent- 
age necessary to render the bands visible with the same distinct- 
ness as in the zodiacal light. A setof experiments was made with 
light from the clear sky in a moonless night, the instrument 
being directed to one of the brightest points of the Galaxy, 
where the light, though less bright than that of the zodiacal 
light, did not very greatly differ from it in intensity. The 
glass plates being turned until the bands had the same degree 
of distinctness as in the previous observations, the mean of 
several observations gave as the polarizing angle 41°, corre- 
—— to a percentage of 20%. This value, on account of 
the inferior brightness of the light compared, is somewhat too 
large, and may be taken as an upper limit. 

To find a lower limit, and, at the same time, an approximate 
value, light reflected from a nearly white wall with a dead 
surface was employed. The point observed with the instru- 
ment was so chosen as to be equally distant from two gas- 
flames so placed that the planes through them and the axis of 
the polariscope were at right angles, thus giving light entirely free 
from polarization. The flames were now turned down equally 
so that the field had, as nearly as could be estimated, the same 
brightness as it had with the zodiacal light. A small scratch 
upon the quartz plate, which could just be seen by the light of 
the latter, served as a means of control in adjusting the inten- 
sity. The experiments being conducted as before, gave, as the 
mean of numerous determinations, the angle 36°°6, correspond- 
ing to a proportion of 16 per cent, which is probably not far 
from the true value of the amount sought. Another, in which 
the light was made perceptibly brighter than that of the zodiacal 
tract, gave for the angle 28°, and a percentage of 9°4, which is 
certainly too small. We may safely take 15 per cent as near 
the true value. 

The fact of polarization implies that the light is reflected, 
either wholly or in part, and is thus derived originally from the 
sun. The latter supposition is fully confirmed by various 
spectroscopic observations, of M. Liais,* Prof. C. Piazzi-Smyth,t 
and others, which show that the spectrum is continuous, and 
not perceptibly different from that of faint sunlight. The 
writer has also made numerous observations with a spectro- 
scope specially arranged for faint light, of which an account 


* Comptes Rendus, Tom. 74, 1872, p. 262. 
+ Monthly Notices of the Royal Ast. Soc., June, 1872, p. 277. 
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will be published hereafter, and which lead to the same con- 
_ clusion. It may be mentioned further that a particular object 
in these observations was to determine whether any bright lines 
or bands were present in the spectrum, or whether there is any 
connection between the zodiacal light and the polar aurora, and 
the results give, as an answer to the question, a decided 
negative. This is important here, as pase from the possi- 
ble causes of the light the luminosity of gaseous matter, either 
spontaneous or due toelectrical discharge. The supposition that 
the light is reflected from masses of gas, or from globules of 
precipitated vapor, is not to be entertained, since, as Zdllner* 
has shown, such globules in otherwise empty space must evap- 
orate completely, and a gaseous mass would expand until its 
density became far too small to exert any visible effect upon the 
rays of light. 

We must conclude, then, that the light is reflected from matter 
in the solid state, that is, from innumerable small bodies revolv- 
ing about the sun in orbits, of which more lie in the neighbor- 
hood of the ecliptic than near any other ar | omy through 
the sun. Although such a cause for the zodiacal light has 


often been assumed as probable, no satisfactory proof of it 
has hitherto been found, and the establishment of the fact of 
polarization was necessary to its confirmation, since spectro- 


scopic appearances alone leave it uncertain whether the matter 
is not self-luminous. 

If these meteroids, as there is no good reason to doubt, are 
similar in their character to those which have fallen upon the 
earth, they must be either metallic bodies, chiefly of iron, or 
stony masses, with more or less crystalline structure, and 
irregular surfaces. If we accept Zdllner’s conclusion that the 
gases of the atmosphere must extend throughout the solar 
system, though in an extremely tenuous condition in space, the 
oxidation of the metallic meteroids would be merely a question 
of time. They would thus become capable of rendering the 
light reflected from them plane-polarized, and the same effect 
would in any case be produced by those of the stony char- 
acter. 

In order to ascertain whether the proportion of polarized 
light actually observed approached in any degree what might 
be expected from stony or earthy masses of a semi-crystalline 
character, with a granular structure, and surfaces more or less 
rough, a large number of substances possessing these charac- 
teristics was subjected to examination with a polarimeter. For 
this purpose the apparatus already described was employed, 
there being added to it a support for the object, with a horizon- 


* “Ueber die Natur der Cometen,” p. 79, et seq. Abstract in this Journal, 
ITI, vol. iii, p. 476. 
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tal circle for determining the azimuths in placing the object 
and the light. The substances examined had approximately 
plane surfaces, which were placed vertically, and so that the 
normal, at the point observed, bisected the angle between the 
lines from it to the eye and the illuminating flame. The light 
being thus polarized in a horizontal plane, was depolarized, that 
is, compensated, by turning the glass plates through the neces- 
sary angle, the percentage corresponding to which was immedi- 
ately found by means of the curve. 

If we suppose a line drawn from the place of observation to 
@ point in the zodiacal light, and another drawn from the sun 
to this at its nearest point, the two lines would meet at right 
angles, and a surface at the point of intersection must be so 

laced as to have an incidence of 45° in order to send the re- 

ected light to the eye of the observer. We may in general 
assume that there would be as many meteoroids on the nearer 
side of the line from the sun as on the other. Those on the 
more remote side, while presenting a larger illuminated surface, 
would reflect the light at a smaller angle, and therefore polar- 
ize a smaller amount of it. Those on the earthward side would 
send less light to the earth, but polarize a larger proportion of 
it. The differences would so nearly complement one another 
that we may take their united effect as equivalent to that of a 
body placed at the point of intersection mentioned above. For 
this reason the objects tested were so placed that the angles of 
incidence and reflection were 45°. 

Some of the substances, and the percentages obtained, were 
as follows. Porphyry, ground smooth, but not polished, 35 per 
cent; another surface thickly covered with accumulated dust, 
155; dark blue shale, 25°7; syenite, coarsely crystalline and 
rough, 16-4; gneiss, rather fine-grained, 8°3; granite, fine- 
grained, 11:8; red jasper, rough broken surface, 235; sand- 
stone, 12:1; brick, rough fragment, 8-1; the same, smooth sur- 
face, 11:3; red Wedgewood ware, unglazed, 14'2; indurated 
clay, light brown. 11; mortar, whitewashed surface, 12:1; the 
same, rough side, 6; white chalk, cut plane, 2. <A fragment of 
the great meteorite of Pultusk, which the writer owes to the 
kindness of Prof. O. C. Marsh. gave from a broken surface 11:7, 
from the blackened surface, 86 per cent of polarized light. It 
is of the stony class, and of a light bluish gray color. 

The results show that from surfaces of this nature the light 
reflected has in general but a low degree of polarization, not 
greatly different, in an average, from that found in the zodiacal 
light. Although no certain conclusions can be drawn from ex- 
periments like tnese, their results are not inconsistent with the 
supposition in reference to which they were made, but so far as 
they go, tend to confirm it. The results of the investigation 
may be summarized as follows: 
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1. The zodiacal light is polarized in a plane passing through 
the sun. 

2. The amount of polarization is, with a high degree of 
probability, as much as 15 per cent, but can hardly be as much 
as 20 per cent. 

3. The spectrum of the light is not perceptibly different from 
that of suntight except in intensity. 

4. The light is derived from the sun, and is reflected from 
solid matter. 

5. This solid matter consists of small bodies (meteoroids) 
revolving about the sun in orbits crowded together toward the 
ecliptic. 

Yale College, April 6, 1874. 


Art. XLL—The “ Great Conglomerate” on New River, West 
Virginia ; by Wu. M. FontAIne. 


A FEW miles below the Falls of the Kanawha, a massive 
white sandstone rises from beneath the lowest strata of the 
Lower Coal series. This rocx, over which the river runs at the 
Falls, is shown in the hills along New River for a distance of 
nearly forty miles. Continuing to rise to the east, it discloses, 
beneath, a great formation of sandstones, containing important 
beds of coal. This formation is well known as differing strik- 
ingly, both in its fragmental rocks and coals, from the overlying 
lower coal. There are different opinions, however, as to its 
true place in the geological series. Prof. Wm. B. Rogers, the 
only one who ever examined it carefully in connection with the 
general geology of the State, was inclined to consider this 
lowest coal field as the equivalent of the ‘‘ Great Conglomerate,” 
here much expanded. 

Others hold that it is merely a great development of the 
lower coals. Again, to the east, this series of coals is under- 
laid by the enormously expanded Sub-carboniferous group. As 
this latter contains in this region important coals also, an 
additional element of doubt is introduced. 

The recent active exploration of the New River coals, caused 
by the opening of the Ches. & O. R. R., renders the present a 
favorable time for the study of this region. A recent visit toa 
point where this series of rocks is best exposed has put me in 
possession of some data which may be of interest. 

I think that we cannot fully understand the peculiar features 
of the New River coals, unless we examine the nature of the 
accompanying formations in this section. I may therefore be 
permitted to give here some of the scanty store of facts obtained 
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concerning the overlying and underlying formations. I would 
state in this place that the fourfold division of the strata of the 
Appalachian coal field made in the Pennsylvania reports, is 
strikingly applicable to all parts of this field in West Virginia, 
and hence I shall use the terms employed by H. D. Rogers, in 
that work, denoting such a division. 

The Ohio River, at the mouth of the Kanawha, flows a little 
to the west of the center of the great Appalachian coal basin. 
A line drawn along the course of the Kanawha and New 
Rivers would pass nearly at right angles across the outcropping 
edges of all the strata embraced in this basin. These rivers 
trench the soil deeply, and afford excellent natural sections. 
If, then, we enter the basin from this point on the Ohio, and 
proceed eastward along this line, we shall be enabled to get a 
connected view of the several formations in this portion of 
West Virginia. Prof. Wm. B. Rogers has determined the dip 
of the strata along this line. It is toward the center of the 
basin, or to the northwest. The inclination is greatest on New 
River, diminishing gradually toward the Ohio. As we approach 
this river it becomes hardly perceptible, and, a short distance 
east of it, is reversed, owing to its position in the basin. 

The steeper dips on the east vary from 80’-100’ to the mile, 
owing to the occurrence of broad anticlinals. The normal 
amount may be taken at 80’ (80 feet) to the mile. 

The strata shown at the mouth of the Kanawha belong to the 
Upper Coal series. Near Point Pleasant a bed of coal appears, 
18’ above high water mark, and 2# feet thick. This Prof. Rogers 
identifies as the Pittsburg. While this coal differs greatly from 
its exposures farther north, the accompanying strata have 
changed to an equal degree. The thickness of the Upper Coal 
series is here greatly diminished. The well-developed lime- 
stones of the north are now calcareous shales; the thick and 
numerous beds of coal are reduced to one, or at most two; 
and the massive formation of sandstones and shales, forming, in 
the north of the State, “The Upper Barren Measures,” are 
lacking. Up the Kanawha, the gentle inclination of the strata 
causes the Pittsburg coal to crop out near the mouth of the 
Pocatalico River, having here increased to a thickness of 5’. 
A second thin bed is here shown. No measurements have been 
made of the thickness of the Upper Coal series. For the sake 
of comparison, I adda description of the same strata in the north 
of the State, as determined, near Mcrgantown, by Prof. Rogers 
and Dr. J. J. Stevenson. In this section the series contains 
four beds of coal, with 27’ of pure bituminous matter, the 
Pittsburg alone having a thickness of 114’ of pure coal, with 
24’ of shale. Besides these there occur, higher up, two other 
seams, which are locally of importance. The former are con- 
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tained in 300’ of fragmental rocks, above which occurs a great 
(unmeasured) thickness of barren strata. 

The topography of the country near the mouth of the 
Kanawha discloses beautifully the soft and yielding nature of 
the strata. The banks of the stream are low, the flats wide, 
and the hills softly rounded. 

Passing up stream to the east of the outcrop of the Pittsburg 
coal, we enter the barren upper portion of the Lower Coal 
series, which Rogers calls the ‘ Lower Barren Measures.” This, 
unlike the overlying series, shows no diminution in thickness, 
but is even thicker here than in the north, evidently gaining 
its increase of matter in the lower beds. No measurements of 
the whole have been made, but we are justified in this con- 
clusion from the following facts: Including its base, the 
“Mahoning sandstone,” it is exposed for a distance of more 
than 15 miles along the river. The Mahoning has been 
measured by Rogers above Charleston, and he finds it 140’. 
In the north of the State, near Morgantown, the Mahoning 
measures 75’, according to Stevenson, who gives 450’ for the 
thickness of the entire series here. The average dip on the 
Kanawha cannot fail to give a much greater thickness. In 
this formation we find the first of a series, which reach, in 
this region, a marked development, as compared with their 
exposures to the north. 

The massive strata of this series, especially toward its base, 
eae a great change in the features of the —— The 

ills close in upon the river, and rise higher and more abruptly, 
disclosing massive ledges of rock in their river slopes. Indeed, 
from this point, the course of the stream becomes more and 
more gorge-like, until, on New River, we have the formation of 
a true cafion. 

While the Lower Barren Measures seem to thicken to the 
south, from the Pennsylvania line, they appear to undergo a 
corresponding considerable development to the northeast, as 
we shall see is the case with the underlying .older formations. 
They continue to a point some six miles above Charleston, 
where the upper strata of the lower coals make their appear- 
ance. This latter series, on the Kanawha, presents the strong- 
est possible contrast with its character in the north, near 
Morgantown. In thickness, number of coal beds, and character 
of deposits, it is just the reverse of the Upper Coal series on 
the Kanawha. For comparison, we may take the section at 
Morgantown. We find here, according to Rogers & Stevenson, 
200’ of fragmental rocks, in which the shales aggregate 140’. 
The 60’ of sandstones are mostly flaggy and argillaceous. 
The thickest single sandstone lies near the base, and is only 
25’ thick. The thickest shale is 30’-40’. Only 13’ of coal 
are found in five beds. 
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The thickness of the series on the Kanawha is, by those best 
acquainted with the field, taken to be 950’. Rogers calls atten- 
tion to the great diminution in the amount of shales and argil- 
laceous matter in this portion of the field. As a consequence, 
we find the several strata more massive and of greater thick- 
ness. To illustrate this, we may note the fact that Rogers found 
the uppermost sandstone of the series, which lies close under 
the Mahoning, to be 215’ thick, while the next one below this 
has the thickness of 200’. The only important shale of the 
series lies under these sandstones, having the thickness of 40’, 
but it is much mingled with inter-stratifications of flaggy sand- 
stone. The lowest beds of the series are coarse, heavy sand- 
stones, where they overlie the succeeding formation below the 
Falls, but this is apparently not the case farther to the eastward, 
on New River, where they have been principally removed by 
denudation. 

To give the reader some idea of the number and thickness of 
the coal seams in the Lower Coal series on the Kanawha, I 
append the following measurements, taken near the mouth of 
Paint Creek. This point being some distance west of the east 
outcrops of the base of this series, the initial plane is consider- 
ably above this base, and hence the lowest rocks are not given 
here. ‘To complete the section, we should add a portion of the 
strata measured at Sewell Mountain on New River. Even 
then there exists an unknown interval, there being no means 
of connecting the two measurements. The coal seams on Paint 
Creek occur in the richest portion of the Kanawha coal field. 
These measurements are the most extended that have been 
made in this section. For the Paint Creek section, and that at 
Sewell Mountain, along with other valuable information, I am 
indebted to M. F. Maury, Jr., M.E., F.G.S., whose acquaintance 
with this region renders him the best authority in matters con- 
nected with it. The measurements on Paint Creek commenced 
at a point 40’ above the level of the Kanawha. The following 
is the section. Commencing at the bottom, the first bed occurs 
12’ 6” above the initial point; while, above this, the various 
seams occur at the intervals given in the left hand column: 

Thickness, 
Not opened. 
9! 


7 
42' 6” 11° 4" 
53! 
i 


W. M. Fontaine—“'Great Conglomerate” on New River. 463 


Top of Hill. Thickness. 
6” 
Not opened. 
‘ 


40’ above the Kanawha, and commencement of section. 


We thus have, in a hill 984’ high, 51’ 10” of coal, with seven 
seams not opened. These measurements extend up into the 
Lower Barren group. The interval of 283’, with the coal seam 
at its termination, occurs in this series. The stratum called the 
“Black Flint Ledge,” in this section, is a remarkable rock, and 
deserves special mention. It is usually about 7’ thick. In 
many places it is, for a portion of its thickness, a true flint. 
Usually, however, it is a dark hornstone. It is a very persist- 
ent stratum, and may be recognized at a glance over wide 
spaces. It serves as a valuable mark for the determination of 
the upper limit of the Lower Coals on the Kanawha. It is, 
however, a short distance below the Mahoning sandstone, the 
true upper boundary. Its equivalent in the north of the State 
is a black bituminous slate, crowded with marine organisms, 
among which Dr. Stevenson found species of Yoldia, Nucula, 
Macrocheilus, Productus, Athyris, Bellerophon and Phillipsia. 
Extending into Ohio, its wide prevalence gives indication of an 
extensive change in the conditions then prevalent in the basin. 
It well deserves a careful examination under the microscope. A 
rough examination made by myself gave indications that this 
rock has been produced by the aid of minute organisms. The 
coloring matter is grouped in cellular forms like the Desmids 
of the Devonian hornstone. In the north of the State numer- 
ous marine shells are found in some of the overlying strata 
of the barren group, showing a continuance of marine condi- 
tions for a considerable period. 

Some three miles below the Falls, the northwest dip continu- 
ing without change, a new series of rocks make their appear- 
ance. This is the New River system of coals, which, for the 
sake of distinction, we may call the Conglomerate series. 

As has been stated at the commencement of this article, the 
conglomerate series is introduced by a massive white sandstone. 
This differs strikingly from the overlying strata. It is a white, 
highly siliceous, coarse-grained sandstone, often conglomeritic 
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in texture. It is easily distinguished also by its massive bed- 
ding and resistance to erosion. As we ascend New River from 
the Falls, this rock ascends in the hills with about the same dip 
as the Lower Coal strata. At Boyer’s Ferry or Sewell Station, 
near Big Sewell Mountain, it attains its maximum height of 
900’. This point is more than thirty miles above the Falls, and 
long before reaching it this stratum would have been carried 
above the plane of erosion, but for the occurrence of flat anti- 
clinals, which occasionally bring down the strata to a certain 
extent. These anticlinals also keep below the plane of erosion 
the Lower Coals, and cause them to occupy entirely an expanse 
of more than thirty miles of country between Charleston and 
the Falls. Prof: Rogers determined two such in the Kanawha 
region. At Sewell Station the massive sandstone still bears on 
its back the Lower Coal rocks, but they are greatly eroded, 
and show only two, or at most three, beds of coal. 

As before stated, the rise of the white sandstone discloses 
underneath a great series of strata which conform to it in dip, 
and contain several important beds of coal. These strata, 
mainly sandstones, are unlike the massive upper ledge, and 
resemble strongly the rocks of the Lower Coal series. They are 
argillaceous, and contain a considerable amount of oxide of 
iron. This causes them to be comparatively thin-bedded, and 
to assume a dull brown color on weathering. This system is 
best disclosed at Sewell Station, where a section of more than 
900’ may be seen. 

Between the Falls and this station, New River flows in a deep 
gorge, which deepens as we ascend the stream. This cafion is 
produced entirely by the presence of the massive sandstone in 
the hills, and its depth depends on the height to which this 
rock rises. So soon as the channel had attained some depth in 
this stratum, the stream would be confined within unyielding 
walls, and compelled to exert its entire erosive power within 
narrow limits. No amount of rainfall entering from the sides 
could destroy the perpendicularity of the banks. The massive 
sandstone also protected the weaker formations beneath it, and 
at the same time prevented the more fragile strata of the Lower 
Coals above it from being entirely sweptaway. In consequence 
of these conditions, the massive rock determines the general 

lane of the country, the relief features of which, in the New 
Shove region of West Virginia, are carved out of the Lower 
Coal rocks. With reference to the level of the river, this plane 
of the country descends from a point east of Big Sewell as we 
pass down stream, until at the mouth of New River the two 
coincide, when the massive ledge sinks to the water level and 
begins to disappear. Here, of course, the cafion features are 
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Hence, anywhere in the gorge of the river, the following 
topographical features are presented: After climbing the pre- 
cipitous walls which closely hedge in the river, and which are 
composed of the Conglomerate series, one is surprised to find, 
on surmounting the topmost rim, that he has only attained the 
general level of the country. The river is flowing far below 
him, while around him, and in the distance, rise softly rounded 
hills, plainly showing that he has passed into a series of rocks 
of a physical character very different from those he has just 
left behind. 

The section exposed at Sewell Station does not reach to the 
base of the Conglomerate series, for its lowest strata make their 
first appearance some distance to the east of this point. The 
following is a general description of the strata here exposed. 
The lowest rock visible, a sbort distance east of the station, is a 
reddish shade. Over this lie some 150’ of a very argillaceous 
sandstone, gray when fresh, but weathering reddish-brown. 
These rocks are very flaggy at their base, showing innumerable 
lamin less than 1”’ in thickness. They are less argillaceous 
and thicker-bedded toward the top. The strata overlying 
them for some 200’ I could not examine in detail, since they 
are not well exposed. They are almost entirely sandstones, 
gray in color, and less argillaceous than those below. Two 
thin beds of shale, quite fine in texture, are partially disclosed. 
One is black and quite bitumirous; the other, overlying it, is 
blue. Higher up, the sandstones again become quite argil- 
laceous, and very flaggy. In this portion the more important 
seams of coal occur. These, again, lose their eilaiene 
character, and pass into the massive ledge which forms the 
closing feature in the series. The coals all occur toward the 
middle and top of the series. 


[To be continued. ] 


Art. XLIL—Contributions from the Sheffield Laboratory of Yale 
College. No. XXVIII.—On the Use of Potassium Dichromate 
in Ultimate Organic Analysis ; by 8S. W. JOHNSON. 


ComBusTIon of organic bodies by aid of cupric oxide and a 
stream of oxygen gas, or by the latter alone, as in Warren’s 
method, leaves little to be desired when a series of analyses are 
to be executed of substances free from alkali or alkali-earth- 
metals. For occasional use, or for bodies containing the metals 
just named, recourse is most conveniently had to lead chromate, 
either alone or with admixture of potassium dichromate as 
Liebig suggested. The preparation of lead chromate in a state 
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of purity and fine pulverization is, however, very tedious and 
laborious. I find that potassium dichromate mixed in suitable 
proportion with some infusible and indifferent body may be 
substituted for lead chromate, without detriment to the result, 
and with decided advantage in regard to cheapness and con- 
venience. 

My friend Mr. Geo. W. Hawes, on my suggestion, has made 
the experiments described below, and I take this occasion to 
express my thanks to him for the care and skill with which he 
has worked out the results. 

Potassium dichromate has nearly all the properties needful 
for an oxidant in organic analysis. It is found in commerce 
in a state of tolerable purity, and is readily and perfectly freed 
from objectionable admixtures by recrystallization and fusion 
at a low red heat. After fusion, it may be reduced to a moder- 
ately, but sufficiently fine powder with the greatest ease. When 
heated to bright redness, it gives off oxygen gas. Its only im- 
perfection lies in its fluidity at the temperature suitable for 
combustion. 

Ordinary kaolin, or fire clay, is perhaps generally the cheapest 
material for diluting the potassium dichromate. .The clay used 
in these experiments was nearly white and very fine, and was 
procured at a stove storein New Haven. Clay from the labora- 
tory stock was found useless from containing anthracite dust, 
it having been kept for a long time poorly covered in our 
furnace room. 

The clean sifted clay, placed in a crucible, was first strongly 
ignited for half an hour in a charcoal fire. It was then mixed 
intimately with about eight per cent of commercial potassium 
dichromate, by evaporating upon it a solution of the salt to dry- 
ness. This mixture was ignited for an hour in a clean covered 
crucible. This preliminary treatment was intended to remove 
all hydrogen and carbon from the clay. Doubtless the first 
ignition might be dispensed with. The prepared clay was 
put while hot into clean well stopped bottles. 

A quantity of potassium dichromate was recrystallized, fused, 
pulverized, and also bottled while hot. 

A series of mixtures were next made of the prepared clay 
and dichromate, and exposed to the heat of an Erlenmeyer gas 
furnace, in order to ascertain what proportions would yield a 
mixture that should contain as much dichromate as possible, 
and yet not flow or otherwise disturb the process of combus- 
tion. 

It was found that, with the kaolin employed, a mixture con- 
taining forty per cent of the dichromate was entirely suitable 
for the analyses of substances whose combustion presents no 
special difficulty. With thirty per cent of dichromate, the 
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ignited mass was highly porous after cooling; but with forty 
per cent it was quite solid when cold. With fifty per cent of 
dichromate, the mixture fairly fused to a pasty mass) With 
sixty per cent, it fused, and although it was not fluid enough 
to run, it effervesced strongly, and here and there closed the 
tube, but finally fused down, leaving a channel. With seventy 
per cent of dichromate, the ignited mass was thin enough to 
flow in the tube. 

It thus appeared that a mixture of three parts of prepared 
kaolin with two parts of fused and pulverized potassium 
dichromate has all the qualities adapted for ordinary combus- 
tions; and this we have employed in most cases. Only in 
combustions of graphite has the proportion of dichromate been 
increased to fifty-five per cent. 

This mixture is more hygroscopic than fused and pulverized 
lead chromate, as might be anticipated from its greater fineness 
and porosity. Twenty grams of it exposed to rather dry air of 
65° Fah., side by side with twenty-five grams of lead chromate, 
gained in three minutes, nothing, in five minutes ;*, mgr., in ten 
minutes } mgr., in thirty minutes ,*; mgr., in one hour 1 mgr., 
and remained thereafter unchanged during twenty-four hours ; 
the lead chromate suffered no change. In a second trial, 
twenty grams of the mixture of another preparation were placed 
beside twenty grams of lead chromate under a bell glass, above 
a moist sponge. After 84 hours exposure, the mixture had 
gained 0°045 grams; the lead chromate but 00045 grams. The 
absorption of moisture is, however, not rapid enough to seri- 
ously vitiate the results of analysis, when Bunsen’s plan of 
mixiig in the tube is adopted. 

The amount of potassium dichromate contained in the charge 
of an ordinary combustion tube is fifteen to twenty grams, 
These quantities are capable of yielding 2:4 to 8-2 grams of 
oxygen in the combustion of an organic body, on the supposi- 
tion that the chromium all remains as chromic oxide. By em- 
ploying narrow tubes, these quantities might be safely reduced 
somewhat without detriment, if, as is probable, the silica of the 
kaolin would prevent the formation of potassium carbonate. 

But, using the largest amount of potassium dichromate, viz: 
twenty grams, a kilo. of the commercial salt, costing here 
at most, seventy cents, serves for making fifty analyses. 

In a preliminary blank combustion with the mixture of forty 
per cent dichromate, oxygen gas was given off continuously for 
twenty minutes; the potash bulb lost 0°019 grams, which was 
compensated by the exactly equal gain of the appended soda- 
lime and calcium chloride tube. The moisture gained by the 
calcium chloride next the combustion tube was 00015 grams, 

The results of actual combustions are tabulated below : 

Am. Jour. Sot.—THIRD Vot. VII, No. 41.—May 1874, 


468 (C. H. Hitchcock—Helderberg Rocks in New Hampshire. 


CANE SUGAR. EQUISETUM HYEMALE. CAST IRON. 4 grams. 


0°2822 grams. -—Burned with—, ——Burned with, 
Burned with } Calcu- Lead Lead 
40% mixture. § lated. 40% mixt. chromate. 40¢mixt. 55% mixt. chromate. 


C 42°12 42°10 41°85 41°92 3°15 3°29 3°25-3°30 
H 6°55 6°43 5°92 6°01 


The cast iron was from a sample of fine borings that had been 
repeatedly analyzed with results varying between 3°25 and 
3°30. It contained both graphite and combined carbon. It 
was first treated with cupric chloride, and the carbon was col- 
lected on an asbestus filter. The analysis yielding 3°15 per 
cent was the first attempt of Mr. Hawes to estimate carbon in 
iron, and the deficiency may perhaps not be due to the small 
proportion of potassium dichromate (forty per cent) in the mix- 
ture. In the next analysis, the carbon was rubbed up with a 
mixture containing fifty-five per cent of dichromate ; but the 
mortar was rinsed with the forty per cent mixture. The com- 
bustions usually occupied forty-five minutes. In one case, 
aspiration, lasting fifteen minutes, sufficed to displace all oxy- 
gen from the bulbs; the flow of air (purified by streaming first 
through a soda-lime and calcium chloride tube), being resumed 
for an hour, occasioned no change in the weighed calcium 
chloride tube, nor in the joint weight of the potash bulbs and 
their appendage. 

I believe these results justify calling the attention of chemists 
to the use of the mixture I have indicated, as a cheap, con- 
venient and efficient substitute for all the solid agents hitherto 
employed in this branch of organic analysis, cupric oxide alone 
excepted, and that only when used in conjunction with oxygen 
gas. 


Art. XLIIL—On Helderberg Rocks in New Hampshire; by 
C. H. HitcHcock. 


THE discovery of Helderberg fossils in New Hampshire was 
announced as follows in a telegram addressed to Dr. T. R. 
Crosby, President of the Dartmouth Scientific Association : 
“ Littleton, N. H., Sept. 28, 1870: No longer call New Hamp- 
shire Azoic. Silurian fossils discovered to-day.” The dispatch 
was read the same evening to the Association, at a regular 
meeting. Not long afterward, E. Billings of Montreal reported 
upon the specimens.* The corals appeared to be Favosites ba- 
saltica and Zaphrentis, probably the same with those occurring 
near Lake Memphremagog in Canada. The crinoids were all 
small. Mr. Billings found nothing that would localize the hori- 


* This Jour., ITI, vol. ii, p. 148. ~ 
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zon more definitely than the general term of Helderberg. The 
Owl’s Head locality, fifty-five miles distant from Littleton, in 
Canada, has furnished the characteristic Atrypa reticularis and 
other species of the Upper Helderberg, enabling the Canadian 
geologists to represent upon their maps several narrow strips of 
the Upper Helderberg limestone. And it has been natural to 
suppose that these two terranes would prove to be of the same 
age, particularly since there is considerable similarity between 
the rocks enclosing the fossils, at both localities. 

An allied rock has long been known at Bernardston, Mass. 
It was first described by my father in the Massachusetts Re- 
port of 1833, with a drawing of the crinoidal stems. Quite 
recently, Professor Dana has described the locality and the adja- 
cent strata,* deducing important generalizations from his obser- 
vations. The Memphremagog and Bernardston deposits lie upon 
the opposite sides of the same formation—the calciferous mica 
schist group of the Vermont Report, and Upper Silurian (sup- 
posed Niagara) of Sir W. E. Logan’s report—and separated by 
a distance of 165 miles. The mica schist is probably an older 
formation than the Helderberg, lying in a trough of clay slates,. 
the .atter constituting the floor of the fossiliferous beds. These 
slates may be Lower Silurian or Cambrian, judging from general 
considerations. No fossils yet appear in them. ‘The calcareous. 
schists carry a few obscure crinoidal fragments at Derby, Vt.,, 
which are of no value in the identification of strata. 

At first sight, one would declare that there is no similarity 
between the Littleton and Bernardston rocks. After considera-: 
ble study of both localities, I find a few points of resemblance,, 
perhaps as much as we have a right to expect in synchronous. 
deposits more than a hundred miles apart. In our studies, we: 
often look for exact resemblances in remote localities. Perhaps: 
it is better that the connecting tie be discovered with difficulty, 
in which case the conclusions may be more surely established. 
The surroundings at Littleton are different from those at Ber- 
nardston. The series rests upon a chlorite rock + or hard green 
hydro-mica schists, close by gneiss, and a whitish soapy schist 
at Littleton. At Bernardston, the underlying as <a as the 
overlying rock is quartzite, and in the neighborhood are the mica 
and staurolite schists denominated in my report as the “Cods 
group.” Professor Dana thinks it clear that the Massachusetts 
Helderberg and the Coés group, as defined by me in Reports of 
1869 and 1870, are, “if correctly traced out,” identical. 

In order to afford data for the proper discussion of the ques- 
tion of the age of these Cods and Helderberg strata, I propose 

* This Jour., IIT, vol. vi, p. 339. 

+ The “chlorite rock” of this paper may be the same with the diabase found by 


Professor Dana near New Haven. I have not had time to review the result of 
analysis of the feldspar. It may contain some lime. 
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to describe as carefully as possible the details of the distribution 
of the Helderberg soelie in Littleton and the surrounding towns. 
We must, however, first describe a small geological map of the 
Ammonoosuc region. 

The following are the groups of strata indicated upon the 
map, in the supposed order of their age: 1, Porphyritic gneiss; 
2, Bethlehem gneiss; 3, Gneiss; 4, Lisbon group; 5, Lyman 
group; 6, Clay slate; 7, Cods group; 8, Swift Water series; 9, 
Helderberg rocks. 

These designations represent distinct formations. In some 
cases a lithological name is used for convenience, chiefly that 
the attention of geologists may not be diverted by a strange 
terminology. It is not pretended that every layer of the por- 
phyritic gneiss or clay slate is uniformly and absolutely porphy- 
ritic or a distinct argillaceous slate; but that these terms repre- 
sent great thicknesses of associated strata, characterized by the 
predominance of the lithological varieties mentioned. Other 
kinds of rock are associated with them, the two series forming 
two great systems, formed in two distinct periods. The use of 
geographical names for the other groups cf strata will prevent 
any geologist from misunderstanding what is meant to be sig- 
nified. The map assumes that this area is occupied by eight or 
nine entirely distinct systems of strata. 

Three new geographical designations appear on this map for 
the first time, viz.; Lisbon, Lyman and Swift Water. The 
terms Bethlehem and Coéds have been defined in my New 
Hampshire Annual Reports. The Lisbon and Lyman groups 
are the two main divisions of what in my last report is termed 
Huronian. At first I called it the Metamorphic Quebec group, 
after Logan.* Recent papers by Credner, Macfarlane and Hunt 
have recalled to my mind a conversation with Prof. H. D. 
Rogers in 1858, and the statement of his Pennsylvania Re- 
port concerning the southward extension of these rocks into 
the Middle States. He then expressed the belief that the semi- 
Azoic groups of Pennsylvania, etc., were equivalent to the 
rocks recently denominated Huronian by Logan. Inasmuch as 
his opinion concerning the same rocks in New England cannot 
stand, and the “ semi-Azoic” strata seem to be of the same age, 
from Quebec to Georgia, it may be proper to use the name 
Huronian for them throughout, in consequence of his sugges- 
tion, which was stated also in his Pennsylvania Report. It will 
be observed that the Huronian of New Hampshire is a two-fold 
series. There is a third member which in my forthcoming 
report will be distinguished from the Lyman group, viz: the 
auriferous conglomerate. This triple division does not seem to 
correspond exactly with the Levis, Lauzon and Sillery of 


* First and Second New Hampshire Reports. 
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Logan. That can be found in the Huronian area flanking the 
Green Mountain range in Vermont, and possibly in the forest 
country about Connecticut Lake. The Swift Water series is 
more nearly related to the Helderberg. 

1. Porphyritic gneiss or granite.—This occurs at the corners 
of the towns of Littleton, Whitefield, Bethlehem and Dalton, 
forming an oval-shaped isolated area of about four square miles 
in extent. The Ammonoosuc River flows along its eastern 
border, and there is a large hill in the western or central part, 
about 600 feet above the river. This area is the most northern 
exposure of the porphyritic gneiss in the State. It is supposed 
to be connected with the great Lafayette-Moosilauk range be- 
neath the overlying Bethlehem group, and to be the oldest for- 
mation in New Hampshire. If compared with ancient systems 
of gneissic rocks elsewhere, it would agree best with certain 
portions of the Laurentian in New York and Canada. 

2. Bethlehem gneiss.—As signified by the name, this formation 
is best developed in Bethlehem. It lies in a nearly east and 
west direction, disturbing the continuity of the newer systems, 
which usually trend northeasterly in its neighborhood. The 
disturbances may be seen in tracing the Cods and Helderberg 
groups from Lisbon into Littleton. The prevailing rock is 
very granitic in aspect, and often carries a hydro-mica in place 
of the common mica of gneiss. The feldspar is usually of a 
reddish cast. Two or three other areas of the same age occur 
in the valley of Connecticut River, in Haverhill, Lyme, Orford, 
Hanover and Lebanon. 

3. Gneiss.—This designation applies to a rock somewhat 
allied to No. 2, bounded by No. 1 on the north, and separated 
from the Coés group hy No. 2. The valley of Littleton village 
seems to have been excavated mainly out of this area, and the 
absence of ledges in the lower ground makes it difficult to un- 
derstand its precise limits. The rock bordering No. 2 may be- 
long to this group, it being a mica schist slightly feldspathic, 
and abundant in the more southern areas of the Bethlehem for- 
mation. Mann’s and Oak Hills in Littleton are the best expo- 
sures of this gneiss. It seems also to be distinct from the 
“ White Mountain series” of my reports. 

4. Lisbon Group.—The best part of Littleton, much of Mun- 
roe, and portions of Lisbon and Lyman are underlaid by a 
series of greenish rocks consisting of conglomerate, hydro-mica 
and cupriferous schists, quartzites and dolomites, estimated at 
. 4295 feet in thickness. A section roughly measured across the 
members, in the south part of Lisbon (see fig. 10), gave the fol- 
lowing order and thickness: first, hydro-micaceous conglomer- 
ates, 756 feet ; second, hydro-mica schists with cupriferous layers, 
3539 feet. The upper division often carries a nodular mass of 
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nearly white quartz, from 50 to 150 feet thick. This estimate 
came from measurements on the county map for the hypothe- 
nuse, and the average dips afforded data for the two acute an- 
gles of the triangle. The results underestimate rather than 
exaggerate. Another member, seeming to lie at the summit of 
the Lisbon group, but not occurring on this section, resembles 
diabase. ‘This is found sparingly in the very southeast corner 
of Lyman, adjoining the southern gneissic area in North Lisbon, 
and more abundantly directly in contact with the Helderberg 
group in Littleton. Indeed Professor Dana thinks it may be a 
member of the fossiliferous series.* In Lancaster this member 
has its maximum development, and I have formerly mistaken 
it for gneiss, because of the great amount of feldspar present. 
The range of it at North Lisbon will prove specially interesting. 
This group probably crops out in the south part of Littleton. 
Before my last observations, I had supposed the connection be- 
tween the chlorite rock of Littleton and the Lisbon develop- 
ment was well established, but the great abundance of gravel, 
sand and loam renders it difficult to discover any connection 
at the surface. But no doubt can prevent the belief of the 
direct continuation of the Lisbon group into Bath, Wells River 
village and Newbury, Vermcnt, and so on down the Connecticut 
to Charlestown. 

The western range is more extensive. It abounds in copper 
schists along Gardner’s Mountain, between Lyman and Monroe ; 
but it is not necessary to describe the western range in this 
communication. 

5. Lyman Group.—The prevailing rock of this series is a 
drab, soapy quartzite, weathering nearly white. Parts of it are 
conglomeratic, the pebbles being essentially the same with the 
rock itself. The pebbles have generally been flattened and elon- 
gated by pressure. Professor C. A. Seely’s analysis of this 
rock shows silica 82°98, peroxide of iron 6:35, alumina 5:99, 
magnesia 0°36, alkalies 15°62 =101°30. The other division of this 
group is a conglomerate of pure quartz pebbles, rarely distorted 
by pressure, with a micaceous cement, some pyrrhotite, and 
gold to the amount of eighty cents to two dollars to the ton of 
rock. This member is not usually above one hundred feet in 
thickness, but is very conspicuous because it resists decompo- 
sition. I have spent much time in tracing out its curves, 
breaks and throws, so as to illustrate the forces that have 
operated to derange the New dampshire formations. 

Along the Lisbon section, the whitish quartzite has a thick- 
ness of only 200 feet, because of a down-throw. When the 
whole thickness is present, it must amount to 2,380 feet, and 
that after allowing for a possible fold. 


* This Jour., IIT, vol. vi, p. 350. 
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6. Clay slate.—This is the auriferous slate of Lyman and Bath. 
A study of its structure over the area of a map shows it to be 
normally synclinal, and resting upon the Lyman group chiefly. 
This structure is best recognized in Bath. On passing north- 
erly, the basin is broken up into fragments by the rising up of 
the uneven floor, the segments indicating irregularly the syn- 
clinal. But, after reaching the neighborhood of the eh 
gold mine, the strata are monoclinal, and continue thus till they 
disappear beneath the Helderberg. The case is analogous to 
those in Berkshire County, Mass., described recently by Pro- 
fessor Dana.* Analysis of this slate in Lyman gave Professor 
Seely silica. Silica 72°98, peroxide of iron 6:35, alumina, 
599, magnesia ‘36, potash 5°61, soda 9°92 =10121. Thus 
this slate resembles the common schist of the Lyman series. 
Possibly it was derived from the decomposition of the latter. 

The synclinal form of these slates confirms the general theory 
of structure in this neighborhood, already presented. For, if 
this area is a basin, it must lie upon older strata; and, if both 
sides of the slate are flanked by a similar succession of strata, 
the latter must be relatively older. In fact, this slate is flanked 
first by the Lyman schist, and that in turn by the Lisbon group. 
On the southeast, the latter joins on to the Cods series, and on 
the west it comes in contact with the same slate, in both cases 
newer rocks; but ultimately gneiss is found after one or more 
inferior undulations. The slate range on the west is supposed 
to extend to Bernardston, Mass., on West Mountain. On one 
section it has a thickness of 1500 feet, with a maximum of 1800. 
It carries auriferous veins of quartz, which have yielded from 
$18 to $25 of gold to the ton of rock, when milled. These 
slates resemble the auriferous rocks of Nova Scotia, which Mr. 
A. R. C. Selwyn, geologist to the Dominion of Canada, ranks 
with the Lingula flags of Great Britain. 

7. Cots Group.—This consists of quartzites, mica schist, both 
with and without staurolite, argillaceous schist, clay slates with 
garnets and obscure mica, possibly phyllite, caleareous mica 
schist, hornblende rocks and various sandstones. My third 
New Hampshire report gives four sections across this group, in 
Lisbon, Orford, Lyme and Hanover, with an average thickness 
of about 10,000 feet. Subsequent investigations modify all 
our published statements respecting this group. The limestone 
and gneiss of the sections must be eliminated; the proof of 
this is very evident. The gneiss in Hanover underlies the 
same succession of quartzite, staurolite, mica schist and horn- 
blende rock in two or three localities along the same section 
line, and thus all the rocks are repetitions instead of one un- 
broken series. In Haverhill, the gneiss with limestone under- 


* This Journal, ITI, vol. v, p. 90. 
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lies the supposed Cods quartzite, with a strike differing from 
that of the latter as “an as thirty or forty degrees. I do not 
find any regular gneiss in the Cods group anywhere in the 
State. It is a curious fact also that there are extensive ranges 
of what seems to be the Cods quartzite resting unconformably 
upon the gneiss, without any connection with mica or horn- 
blende schist. They must continue to be ranked as Cdos till 
we have evidence to the contrary. The Cods group may also 
embrace the “calciferous mica schist” of Vermont. The orig- 
inal definition of this group expressly excluded the latter rock. 
Further study will be required to make this position a sure one. 

Errors have arisen in consequence of confounding the Cods 
group with the White Mountain series. Dr. T. Sterry Hunt 
has included these two series in one, which is stated to be 
pre-Cambrian, with the name of Montalban. Originally he 
grouped them under the provisional name of Jerranovan, and 
presented considerations leading to the belief that they might lie 
near the horizon of the Potsdam. As already shown elsewhere, 
it is better to separate the Cods and White Mountain series, 
though both abound in the related silicates, staurolite and an- 
dalusite. The latter may be pre-Cambrian, but the former can- 
not well be older than Cambrian; and Professor Dana thinks 
the Bernardston region proves all the Coés rocks to be of Hel- 
derberg age. 

In consequence of Dr. Hunt’s error just cited, Prof. Dana has 
also misapprehended the relations of these two systems, sup- 
posing that Dr. Hunt had used the term “ White Mountain 
series” in the same sense in which I had previously employed 
it, in my 1869 report. He says:* “A large part of the rocks 
that have been distinguished as of the ‘‘ Montalban” or White 
Mountain series in New Hampshire, and regarded of pre-Silurian 
age, are here included, and are hence nothing but altered Hel- 
derberg sediments.” He then quotes from Dr. Hunt’s Indian- 
apolis address the names of the rocks belonging to this series, 
which include both the Cods and White Mountain series. If it 
be granted that the former of these groups belongs to the 
Helderberg, it remains to be proved that the latter is even as 
modern as the Cambrian. The White Mountain series does not 
certainly enter the area represented upon the map, and hence 
any notice of it here requires an apology. It is mentioned only 
because it has been erroneously associated with the Cods group. 
The two series. are unlike in mineral character, thickness and 
geographical distribution. 

8. Swift Water Series.—This will be defined in the next issue 
of the Journal. 

* This Journal, III, vol. vi, p. 348. 
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9. Helderberg strata.—These form the proper subject of this 
communication. In brief, they are sandstones, quartzites, con- 
glomerates, hornblende rocks, argillaceous schists, clay and cal- 
careous slates, crinoidal and coralline limestones, siliceous lime- 
stones, and perhaps other varieties. They occupy three areas, 
which may be termed the Littleton, North Lisbon and Lyman 
terranes. 

The fossils consist of Favosites basaltica, Zaphrentis, Penta- 
merus Knight, large and small crinoidal-stem fragments, a gas- 
teropod and fucoids. The third is the most important, since it 
determines the precise horizon of the limestone. Samples of 
all the varieties having been sent to Mr. E. Billings, he has 
written that the brachiopod is closely allied to the Peniamerus 
Knightii of the Lower Helderberg, while the other fossils do 
not as yet afford anything so definite in regard to geological 
equivalency. 

“The fossils came last night. They are Favosites Gothlandica, 
a large crinoidal column, a Pentamerus closely allied to if not 
identical with P. Knightii, and a gasteropod. The two first 
prove nothing. The Pentamerus goes far to show that the 
rock is about the top of the Upper Silurian—say Lower Hel- 
derberg. The gasteropod is just like some that occur in the 
same horizon. I do not consider the fossils sufficient to decide 
the age of the rock very closely, but only that it is either 
Upper Silurian or Lower Devonian. I have specimens of the 
Bernardston encrinites and will endeavor to determine whether 
they are identical with yours or not.” 

Two points of importance suggest themselves in this connec- 
tion. 1. The horizon at Littleton is different from the Helder- 
berg at Owl’s Head, Province of Quebec, which by the included 
Airypa reticularis has been shown to be the Upper Helderberg. 
It is hence most likely that we have both the Helderberg lime- 
stones in New England, as well as the strata enclosed by them 
in New York. 2. If there is a limit, the facts indicate that the 
Bernardston limestone is Lower Helderberg. That locality 
furnishes only large crinoidal stem fragments, which have here- 
tofore been compared with the upper limestone in New York. 
But the Littleton and North Lisbon localities furnish crinoidal 
fragments having the same dimensions in company, at the first 

lace named, with a characteristic fossil of the lower division. 

he Bernardston and Littleton localities occupy the same val- 
ley, and are nearer to each other than the former is to New 
York. Hence from present indications the Massachusetts lime- 
stone may be regarded as Silurian instead of Devonian. 


[To be continued. ] 
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Art. XLIV.—Rabies Mephitica; by Rev. Horace C. 
Hovey, M.A. 


My subject concerns alike medical science and natural his- 
tory. For while proving the existence of a new disease, some 
singular facts will be brought to light about a familiar member 
of the American fauna. It is cruel to add aught to the odium 
already attached to the common skunk (Mephitis mephitica 
Shaw ; I. chinga Tiedmann). But, clearly, he is as dangerous 
as he is disagreeable. In a wild state he is by no means the 
weak, timid, harmless creature commonly described by natural- 
ists; although it is said that, if disarmed of his weapons of 
offence while young, he may be safely domesticated. 

A peculiar poison is sometimes contained in the saliva of 
animals belonging to the canine and feline families, the produc- 
tion of which, it has been generally supposed, is limited to 
them. Other animals, of the same or of different species, may 
be inoculated with this virus; the result being a mysterious 
malady, which men have observed from the days of Homer 
and Aristotle, but which has never been either cured or under- 
stood. This frightful disease has been called, from its origin, 
Rabies canina, and from one of its symptoms, hydrophobia. 
Probably it is not communicable by any species but those with 
which it originates. A few instances have been recorded to 
the contrary ; but they were so imperfectly observed as merely 
to stimulate us to further investigation. It is stated by the 
best medical writers (e. g., Watson Gross, and Aitken), as an 
undeniable fact, that no instance is known of hydrophobia hav- 
ing been communicated from one human being to another, 
although many patients, in their spasms, have bitten their 
attendants. An interesting case, but inconclusive, being the 
only one of its kind, is reported by M. Guillery, in which an 
aged man experienced spontaneous hydrophobia. (Bulletin of 
Belgian Academy, No. 8, 1871.) In such exceptional instances 
there may have been previous inoculation, unnoticed or forgot- 
ten; for the least particle of this deadly poison will be efficient, 
and yet it is always tardy in its period a incubation. 

The facts now collated will show, it is thought, one of two 
things, either that the hydrophobic virus is both generated and 
communicated by some of the A/ustelide as well as the Felide 
and Canide ; or else, that a new disease has been discovered, 
which generically resembles Rabies canina, while differing from 
it specifically. My judgment favors the latter opinion, de- 
cidedly, for reasons to be adduced; and accordingly I ma 
name this new malady, from the animal in whose saliva it is 
generated, 
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RABIES MEPHITICA. 


The varieties of Mephitis are notorious for the singular bat- 
tery with which they are provided by nature. It consists of 
two anal glands from which, by the contraction of sub-caudal 
muscles, an offensive fluid can be discharged in thread-like 
streams, with such accuracy of aim a3 to “strike any object 
within fifteen feet. This secretion is either colorless, or of a 
pale yellow hue. It is phosphorescent. Viewed from a safe 
distance, its discharge looks like a puff of steam or white 
smoke. Its odor is far more persistent than that of musk. If 
too freely inhaled it causes intense nausea, followed by distress- 
ing gastric cramp. In minute doses it is ‘said to be a valuable 
anti- -spasmodic. If so, why not experiment with it as a cure 
for hydrophobic convulsions? It is not known what the effect 
would be of injecting this fluid beneath the skin. Interesting 
results might be attained by any one who was willing, in be- 
half of science, to investigate further in this inviting path! 
There certainly seems to be some connection between it and 
the disease under consideration; for, in every instance, the 
rabid skunk has either exhausted his mephitic battery, or else 
has lost the projectile force by which it is discharged. Per- 
haps the secretion is only checked by the feverish state of the 
system. Possibly there may be a causative connection between 
this inactivity of the anal glands and the generation of malig- 
nant virus in the glands of the mouth. 

An adventure, while on a summer tour amid the Rocky 
Mountains, first called my attention to the novel class of facts 
about to be presented. Our camp was invaded by a nocturnal 
prowler, which proved to be a large coal-black skunk. Anxious 
to secure his fine silky fur uninjured, I attempted to kill him 
with small shot, and failed. He made characteristic retaliation ; 
and then, rushing at me with ferocity, he seized the muzzle of 
my gun between his teeth! Of course the enalty was instant 
death. An experienced hunter then wert us by saying that 
the bite of this animal is invariably fatal, and that when in 

erfect apparent health it is always rabid. He resented our 
incredulity and confirmed his statement by several instances of 
dogs and men dying in convulsions shortly after being thus 
bitten. 

On mentioning this adventure to H. R. Payne, M.D., who 
had been camping with miners near Cafion City, Col., he said 
that at night skunks would come into their tent, making a 
peculiar crying noise, and threatening to attack them. His 
companions, from Texas and elsewhere, had accounts to give of 
fatal results following the bite of this animal. 

Since returning to “Kansas City, 1 have had extensive corre- 
spondence with hunters, taxidermists, surgeons and others, by 
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which means the particulars have been obtained of forty-one 
cases of Rabies mephitica, occurring in Virginia, Michigan, IIli- 
nois, Kansas, Missouri, Colorado and Texas. All were fatal 
except one; that was the case of a farmer, named Fletcher, liv- 
ing near Gainsville, Texas, who was twice bitten by J. ma- 
croura, yet recovered and is living still. On further inquiry it 
was found that he was aware of his danger, and used prompt 
preventive treatment. Another case was alleged to be an 
exception ; that of a dog which was severely bitten in a long 
fight with a skunk, but whose wounds healed readily and with- 
out subsequent disease. It seems, however, that this dog after- 
ward died with mysterious symptoms like those of hydro- 
phobia in some of its less aggravated forms. 

Instead of burdening this article with a mass of circumstan- 
tial details, a few cases only will be given best fitted to show 
the peculiarities of the malady; and those are preferred that 
are located on the almost uninhabited plains of western Kan- 
sas, because there the mephitic weasels would be least liable to 
be inoculated with canine virus. 

A veteran hunter, Nathaniel Douglas, was hunting buffalo, 
in June, 1872, fourteen miles north of Park’s Fort. While 
asleep he was bitten on the thumb byaskunk. Fourteen days 
afterward singular sensations caused him to seek medical 
advice. But it was too late, and after convulsions lasting for 
ten hours he died. This case is reported by an eye-witness, 
Mr. E. S. Love, of Wyandotte, Kansas, who also gives several 
similar accounts. 

One of the men employed by H. P. Wilson, Esq., of Hayes 
City, Kansas, was bitten by a skunk at night, while herdin 
cattle on the plains. About ten days afterward he was seize 
with delirium and fearful convulsions, which followed each 
other until death brought relief. Mr. Wilson also reports other 
cases, one of which is very recent. In the summer of 1873, a 
Swedish girl was bitten by a skunk while going to a neighbor's 
house. As the wound was slight and readily cured, the affair 
was hardly thought worthy of remembrance. But on Jan. 24th, 
1874, the virus, which had been latent for five months, asserted 
its power. She was seized with terrible paroxysms. Large 
doses of morphine were administered, which ended both her 
agony and her life. 

In October, 1871, a hunter on Walnut Creek, Kansas, was 
awakened by having his left ear bitten by some animal. Seiz- 
ing it with his hand, he found it to be a skunk, which after a 
struggle he killed, but not until his hand was painfully punc- 
tured and lacerated. He presented himself for treatment to 
Dr. J. H. Janeway, army surgeon at Fort Hayes, from whom I 
have the facts. The wounds in the hands were cauterized, 
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much to the man’s disgust, who thought simple dressing suffi- 
cient. He refused to have the wound in the ear touched, and 
went to Fort Harker to consult Dr. R. C. Brewer. Twelve 
days afterward the latter reported that his patient bad died 
with hydrophobic symptoms. 

Another hunter, in the fall of 1872, applied to Dr. Janeway 
to be treated for a bite through one of the ale of the nose. 
He had been attacked by a skunk, while in camp on the Smoky 
River, two nights eget He had been imbibing stimulants 
freely and was highly excited and nervous. A stick of nitrate 
of silver was passed through the wound several times. He was 
kept under treatment for two days, when he left to havea 
“madstone” applied. He afterward went home to his ranch, 
and died in convulsions twenty-one days from the time he was 
inoculated. 

I give but one more of the cases reported to me by Dr. Jane- 
way. In October, 1871, he was called to see a young man liv- 
ing in a “dug-out,’ a few miles from the fort. He had been 
bitten by a skunk, seventeen days previous, in the little finger 
of the left hand. His face was flushed, and he complained 
that his throat seemed to be turning into bone. On hearing 
the sound of water poured from a pail into a tin cup, he went 
into convulsions, that followed each other with rapidity and 
violence for sixteen hours, terminating in death. This man’s 
dog had also been bitten, and it was suggested that he had bet- 
ter be shut up. He chanced at the time to be in the hog-pen, 
and he was confined in that enclosure. Ere long he began to 
gnaw furiously at the rails and posts of the pen and to bite the 
hogs; until the bystanders, convinced that he was mad, ended 
the scene by shooting all the animals in the pen. 

It is evidently the opinion of Dr. Janeway that the malady 
[apap by mephitic virus is simply hydrophobia. Should 

e be correct, then all that is established by these facts would 
be this, viz: that henceforth the varieties of Mephitis must be 
classed with those animals that spontaneously generate poison 
in the glands of the mouth and communicate it by salivary in- 
oculation. From this, as a starting-point, we might go further 
and seek a solution of the whole mystery of hydrophobia in 
the theory that this dread malady primarily originates with the 
allied genera of Mephitis, Putortus and Mustela, widely scat- 
tered over the earth;* being from them transferred to the 

* Since forwarding this article for publication, I bave obtained an answer to my 
inquiries made in California through my friend, Dr. J. G. Tidball, respecting the 
Mephitis zorilla. He described it as a very pretty little animal which usually 
allows itself to be killed without resistance. But he adds that its bite is highly 
dangerous, causing a fatal disease like hydrophobia. 

I regret that he gives no particulars of actual cases. But his testimony is inter- 
-— it brings into condemnation a species of Mephitis quite different from 
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Felidae and Canidae and other families of animals. And then, 
if it could be proved experimentally that the characteristic 
mephitic secretions contained an antidote for the virus of the 
saliva, we should have the whole subject arranged very beau- 
tifully ! 

I ae favored by Dr. M. M. Shearer, surgeon in the 6th U. 
S. Cavalry, with notes from his case-book, of four cases in 
which persons have died from the bite of the skunk; and he 
also mentions additional instances reported to him by other ob- 
servers. He thinks there is a saled difference between the 
symptoms of their malady and those of hydrophobia. I shall 
refer to his testimony again, but pause for a moment to notice 
his final conclusions, from which, original and interesting as 
they are, I must dissent. He says: “I regard this virus as be- 
ing as peculiar to the skunk as the venom of the rattlesnake is 
to that creature; and not an occasional outbreak of disease as 
the aestus veneris of the wolf or the rabies canina.” Singular 
as this theory may seem, it is not wholly without support. It 
is remarkable that of all the cases thus far reported to me there 
is but one enstance of recovery. It is stated in Watson’s Physic 
(vol. i, p. 615) that of one hundred and fourteen bitten by 
rabid wolves only sixty-seven died; and of those bitten by 
rabid dogs the proportion is still less. But mephitic inocula- 
tion is sure death. Then again it is to be observed that the 
only peculiarity noticeable in these biting skunks is the arrest 
of their effluvium. They approach stealthily, while their vic- 
tims are asleep, and inflict the deadly wound on some minor 
member—the thumb, the little finger, the lobe of the ear, one 
of the alee of the nose. How different from the fierce assault 
of a mad dog! How subtle and snake like! It may be re- 
marked, also, that dogs are generally as cautious and adroit in 
attacking these odious enemies as they are in seizing venomous 
snakes. But we must remember, on the other hand, that thou- 
sands of skunks are killed annually, partly as pests and partly 
for the fur trade; and it is incredible that an animal whose 
ordinary bite is as venomous as that of a rattlesnake, should so 
seldom resort to that mode of defence, if it be his. 

The resulting disease resembles hydrophobia more than it 
does the effects of ophidian venom. But here, as observed at 
the outset, the likeness is only generic, while specifically there 
are marked differences. These have purposely been kept in 
the back-ground until now. And in giving a differential diag- 
nosis, I shall avoid repetitious details, and combine facts gath- 
ered from many sources with the close and accurate observa- 
tions which Dr. Shearer has put at my disposal. 

1. The period of incubation is alike in Rabies canina and 
Rabies mephitica. That is, it is indefinite, ranging from ten 
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days to twelve months, with no opportunity meanwhile for sub- 
sequent inoculation. But during the incubative period of 2 
mephitica, no perceptible changes take place in the constitution 
as in hydrophobia. In only one instance was there unusual 
nervousness, and that might have been due to alcohol. In 
every case, where there was time for it, the wounds healed over 
smoothly and permanently, and in several instances not even a 
scar was visible. In no case was there recrudescence of the 
wound, always seen in hydrophobia. Indeed, there were so 
few premonitions of any kind that, in most instances, the 
attending physicians themselves supposed the ailment to be 
simple and trivial, until the sudden and fearful convulsions 
came on to baffle all their skill. 

2. Characteristic pustules form, in hydrophobia, beneath the 
tongue and near the orifices of the sub-maxillary glands. (See 
Aitken, Sci. and Pract. Med., vol. i, p. 653.) These were not 
reported in a single case of BR. mephitica. Dr. Shearer looked 
for them carefully in all his cases, but did not find them. 

3. The specific action of hydrophobic virus affects the eighth 
pair of cranial nerves and their branches, especially the oeso- 
phageal branch, the result being great difficulty in swallowing ; 
and the motor nerve of the larnyx, causing an, catching of 
the breath, and difficulty in expelling the frothy mucus accu- 
mulated in the throat. These invariable accompaniments of 
R. canina are usually wanting in 2. mephitica; the exceptions 
being in the case of the Swedish girl, who complained of pain 
in her chest ; and the young man, Dr. Janeway’s patient, whose 
constriction of the throat was decided, as well as his sensitive- 
ness to water. Dr. Shearer’s patients had no such trouble. A 
taxidermist, who has seen four dogs die from 2. mephitica, in 
Michigan, says they did not seem to have any fear of water, or 
other signs which he had supposed were characteristic of RP. 
canina. Ordinary hydrophobia, again, is marked by constant 
hyperesthesia of the skin, so that the slightest breath of air 
will es convulsions. But, in R. mephitica, fanning the 
face affords relief, and even cloths dipped in water and laid on 
the forehead were soothing! 

4. In hydrophobia the perceptions are intensified, so that 
even the deaf are said to have their hearing restored; the 

upils are strongly dilated, imparting to the eyes a wild, glar- 
ing —_—— ; the spasms are tonic, i. e., steady and continu- 
ous; the pulse is feeble; and delirium is occasionally relieved 
by lucid intervals. But the symptoms are wholly different in 
R. mephitica: there is oscillation of the pupil; the spasms are 
clonic, i. e., marked by rapid alternate contraction and relaxa- 
tion of the muscles; small but wiry radial pulse and rapid car- 
otids; positive loss of perception and volition throughout, 
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until delirium ends in persistent unconsciousness, simultane- 
ously with cold perspiration and relaxation of the sphincters. 

5. The mode of death is by asthenia in both forms of rabies; 
but in &. canina the frightful struggles of nature to eliminate 
the poison are more prolonged than in R#. mephitica ; and in the 
latter they may, on occasion, be still further abridged by the 
use of morphine, which has no narcotic effect upon the former, 
even in the largest doses and injected into the veins! 

I have thus endeavored to describe, and also to explain, 
these strange and painful phenomena. I must leave the reader 
to form his own decision, only hoping that some one may be 
induced to follow this pioneer work in a new path, by further 
and more able investigations of his own. 

Kansas City, Mo., Feb. 24th, 1874. 


Arr. XLV.—On the nature of the action of Light upon Silver 
Bromide; by M. Carry Philadelphia. 


WHEN silver bromide is exposed for a moment to light, it 
undergoes no visible change, but has acquired the ey of 
passing to an intense black when treated with pyroga 


lic acid 
and an alkali. 

As to the nature of this black substance, there has existed 
considerable diversity of opinion. Ina ted published on the 
subject about a year since by Captain Abney, F.C.S., he ex- 
pressed the opinion that it was an oxide of silver. 

Some years since, while investigating the action of light 
upon silver iodide, I succeeded in proving that the black sub- 
stance, which is produced when silver iodide is exposed to light 
in presence of silver nitrate, contains iodine, and is, therefore, 
either a sub-iodide or an oxy-iodide. The quantity obtained 
was too small to enable me to ascertain which. When this 
biack substance was treated with nitric acid, normal yellow sil- 
ver iodide was left behind, and silver was found on solution. 

I have recently applied the same treatment to the bromine 
compound with similar results. I find that when silver bromide 
is treated with pyrogallic acid and alkali after exposure to 
light, the black substance which remains contains bromine, 
and is resolved by nitric acid into normal silver bromide (left 
behind as a pale yellow film) and silver, which passes into 
solution. It is therefore either a sub-bromide or an oxybro- 
mide, not an oxide, probably the former. 

The existence of these compounds is evidently an argument 
for doubling the atomic weight of silver, as has recently been 
proposed on other grounds. 

Am. Jour. Series, Vou. VII, No. 41.—Mary, 1874. 
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Art. XLVI.—Notes on some of the Fossils figured in the recently- 
issued Fifth volume of the Lilinois State Geological Report ; by 
F. B. MEEK. 


[Continued from page 376.] 


Agassizocrinus Troost ; plate xx1.—In looking at the species 
of this group figured on the plate cited above, it would seem 
scarcely possible that such forms as that represented by figs. 
12a, b, c, with a small, distinctly divided base, showing a well- 
defined scar for the attachment of a column, ought to be ranged 
in the same genus with such species as A. dactyliformis and A. 
conicus (represented by figs. 7 and 8 of the same plate), show- 
ing no traces of a scar of attachment, and having the base large, 
and nearly or entirely without divisions. As important, how- 
ever, as such distinctions would naturally be supposed, speci- 
mens have been found that seem to show that no well-grounded 
generic distinctions can be founded on these differences. On 
the contrary, it is highly probable that in all cases the young 
of these species were attached by a column, and had the base 
divided into five parts; but that, as they advanced in size, some 
became free at much earlier stages of growth than others, thus 
causing the base to enlarge more rapidly than the other parts, 
and to assume the character of a single solid piece, with the 
scar of attachment entirely obsolete. Some species, such as 
those represented by figs. 10 and 12, may have even remained 
attached by a slender column during their whole life. 

Dr. Roemer proposed to found a genus Astylocrinus for the 
species with an undivided base and without a column; the 
specimen represented by our figure 7a being his typical form, 
the original of which belongs to Dr. Shumard’s collection. 

Fusulina gracilis and F. ventricosa ; figs. 7 and 8, plate xxIv.— 
These names were temporarily written on the explanations of 
this plate, merely with the view of keeping in mind forms with 
which it was thought desirable that they should be compared 
in revising the text for the press, and not with any intention of 
ultimately using them as if the fossils were known really to 
belong to two distinct species. They are, on the contrary, 
almost certainly extreme varieties of the common F. cylindrica 
Fischer. The first does not agree exactly, in form, with the 
California specimens for which the name F. gracilis was origi- 
nally proposed, though it does not differ very materially. The 
other is smaller, and even more ventricose than the Kansas 
specimens named ventricosa, as a mere variety of F. cylindrica, 
and is better entitled to rank as a distinct variety than that 
figured on the same plate under the name F. gracilus. 
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Zeacrinus (Hydreionocrinus?) acanthophorus M. and W. ; plate 
XXIV, figs lla, 6.— The specimen of this species, shown by fig. 
1la, illustrates the ventral extension so greatly developed in 
this and the allied groups. In this species it is narrowed below 
and dilated and truncated at the top, around which it is armed 
by a row of spines that extend out horizontally. I have long 
been familiar with these spines, as seen detached (see figs. 11d, 
e) and scattered among the other fossils of our Coal-measures ; 
but, until the discovery of a specimen of this species with some 
of them in place, connected with the ventral extension, their 
true position with relation to the other parts of the crinoid has 
remained a mystery. They have often been confounded with 
the spines of Z mucrospinus of McChesney (see figs. 12a, 4, 
same plate) from which, however, it will be seen that they differ 
materially in the form of the larger or attached end, those of 
Z.mucrospinus being really modified and greatly produced 
second-radial pieces of the body; while those under consider- 
ation are anlealy produced vault or ventral pieces, having 
no direct connection with the radial series whatever. 

Since seeing the specimen illustrated by our figs. lla, b, I 
have, as, elsewhere suggested, very strongly suspected that 
the type on which Dr. de Koninck founded his genus 
Hydreionocrinus may really differ in no essential generic or 
subgeneric characters from Zeacrinus (Troost) Hall, 1858. It 
is true, Dr. de Koninck supposed that his type was entirely 
destitute of free arms: or, in other words, that arms were 
united (‘soldered’) laterally along their entire length, so as 
to form a large, cylindrical, upward extension as wide as the 
body, with its upper end truncated and tightly covered over 
by solid vault-pieces, the outer row of. which project out hori- 
zontally, as pad arsed spine-like processes, around the top, pre- 
cisely as the spines are seen radiating from the top of the 
ventral prolongation (see fig. 116) of our type. The great 
difficulty, however, of understanding how the arms of a crinoid 
could perform their natural functions, thus immovably united. 
so as to form such a cylindrical prolongation, closely sealed. 
over above by solid vault-pieces, certainly favors the conclu- 
sion that the part supposed by Dr. de Koninck to be thus 
formed, may really be the central extension of a flattened 
specimen from which the arms had been accidentally removed. 

The species illustrated by our figures lla, 6, has the ventral 
part narrowed downward; but there are several others known 
in this country in which it is as wide all the way down, or very 
nearly as wide, as the body below; and, if a specimen of one of 
these had had its arms accidentally broken away, and its body 
and ventral part more or less flattened by pressure, it would 
certainly present very nearly, if not exactly, the appearance of 
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Dr. de Koninck’s type, as illustrated by him. That is, the 
removal of the arms and the pressing inward of the body and 
radial pieces might give the walls of the ventral part the appear- 
ance of rising directly from the top of the radial series. 

If this suggestion in regard to the upper parts of the type 
of Hydreionocrinus should prove true, as I am very strongly 
inclined to believe it will, that name having priority of date 
over Zeacrinus, would have to take precedence, as there appear 
to be no generic or subgeneric differences in the structure of 
the body of the typical forms of these proposed groups. In 
this case, all of the American species, and a few foreign forms, 
described under the name Zeacrinus, would have to be ranged 
under Hydrevonocrinus.* 

Archeocidaris? (sp. undt.); pl. xxiv, figs. 138a-e.—These 
spines almost certainly belong to a species described by Dr. 

humard, in the Trans. St. Louis Academy Sci., vol. i, p. 228, 
under the name A. aculeatus. As Dr. Shumard never figured 
his species, however, and we have had no opportunity to com- 
pare our Illinois specimens with his types, it is barely possible 
that they may belong to a distinct species. 

Septopora Cestriensis Prout, pl. xxiv, figs. 14a, b,,c; and 
Synocladia virgulacea var. biservalis Swallow, figs. 15a, , c, of 
same plate-—The occurrence of these two names as quoted 
above, in the explanations of plate xxiv, without any refer- 
ence to them in the text, might lead to the conclusion that we 
were intending to recognize the specimens figured as represent- 
ing two separate and distinct genera. On the contrary, how- 
ever, as would have been fully explained if the text of the 
volume could have been prepared as originally intended,. the 
figures were drawn mainly to show the exact generic, and pos- 
sible specific, identity of the fossils on which these names were 
founded. 

Dr. Prout’s typical species of his proposed genus Septopora, 
represented by our figures 14a, b, c, cited above, was from the 
Chester limestone of the Lower Carboniferous; while Prof. 
Swallow's species, represented by figs. 15a, b, c, came from the 
Upper Coal-measures. That they are generically identical, how- 
ever, no one will for a moment question ; and few will doubt 
that they really belong to the same species, as even the slight 
differences seen in the mode of branching, as illustrated by 
our figures 14a and 15a, are not constant; and the apparent 
difference represented in the dimorphous pores, as seen in figs. 
146 and 150, are due rather to differences in the state of 


* TI have elsewhere mentioned these apparent close relations between Hydreion- 
ocrinus and Zeacrinus, and only call attention to it again here because I can do 
so in connection with figures that seem to illustrate these relations more clearly 
than can be done by words. 
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preservation of the specimens than to any natural distine- 
tion. 

In the Proceedings of the Philad. Acad. Nat. Sci. for 1870, 
we published some remarks on this subject, showing that Dr. 
Prout’s proposed genus Septopora agrees in all essential generic 
characters with Prof. King’s older genus Synocladia ; and that 
Prof. Swallow's Synocladia virgulacea var. biserialis is entirely 
distinct specifically from the European & virgulacea Phillips 
(sp.), but almost certainly identical specifically with the type 
of Dr. Prout's proposed genus Septopora. In the Paleontolog 
of Eastern Nebraska, plate vu, published in Dr. Hayden's 
Nebraska Report of 1872, I have also fully illustrated the well 
defined specitic differences between the so-called variety bdvseri- 
alis, and the foreign S. virgulacea. 

It is all the more important that the true relations of the 
American form biserialis to the proposed genus Septopora, as 
well as to the real Synocladia virgulacea of Kurope, should not 
be lost sight of, because its occurrence here in certain Cual- 
measure rocks of the West has been appealed to as an evidence 
that these beds should be referred to the Permian epoch. The 
genus Synocladia, and especially the species S. virgulacea of 
Phillips, has long been regarded as especially characteristic of 
the Permian; consequently, if the American form can be prop- 
erly referred to that species, its abundant occurrence here in 
the rocks referred to might very naturally be supposed to have 
some bearing on the question in regard to their Carboniferous 
or Permian age. The fact, however, that we now know this 
form (biserials) to range, not only through our whole Coal- 
measures, but to be represented by a type beyond all question 
congeneric, and almost certainly specifically identical, even in the 
upper members of our Lower Carboniferous limestones, shows 
how exceedingly cautious we should be in deciding such ques- 
tions on the evidence of a few species, even before their geo- 
logical range has been well determined among our own rocks.t¢ 

This, however, is only one of a number of examples that 
might be mentioned, of peculiar types that have until recently 
been known only from our Coal-measures, which are now 
known to h.ve their closely allied representatives among the 


*It may be well to explain here that Dr. Prout’s figures of his type, published 
in the Trans. St. L. Acad. Sci., are far from being as accurate as those he published 
of other species of Polyzoa; though his description is quite clear and satisfactory. 
Our figs. 14a, b, c were drawn from one of his typical specimens. 

+ It should be stated just here, that Dr. Etheridge of London has recently de- 
scribed a species of Synocladia, similar to the biserialis, from the Lower Carbonif- 
erous limestone of Midlothian. (See Ann. and Mag. Nat. Hist., vol. xii, fourth 
series, p. 189, pl. 8, 1873.) He also adds some remarks on the relations of Syno- 
cladia King and Septopora Prout, exactly sustaining our views on this point, con- 
tained in the paper above alluded to, published in the Proceedings of the Philad. 
Acad. Nat. Sci. in 1870, 
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fossils of the upper member of the Lower Carboniferous lime- 
stones of the same region. For instance, the curious species 
Zeacrinus acanthophorus and Z. macrospinus (pl. XXIV, figs. 11d, 
e, and 12a, b), of the Coal-measures, are represented by Z. 
formosus and Z armiger (pl. XXI, figs. 2c, d, and fig. 8a) of the 
Chester limestone; while the singular solid-based forms of 
Agassizocrinus, figured on pl. XXI, from the Chester, are repre- 
sented by a similar form from the Coal-measures, as shown by 
our figure 4 of plate xxIVv. 

Aviculopecten neglectus Geinitz; pl. xxvI, figs. Ta, b,c, d— 
This little shell was originally described by Prof. Geinitz, 
under the name Pecten neglectws, in his work on the fossils from 
the Coal-measures of Nebraska, its hinge characters being un- 
known to him. In a review of that work, and in the Paleon- 
tology of Eastern Nebraska, I placed it provisionally in the 
genus Aviculopecten, from general external characters, its hinge 
being then equally unknown to me; though no doubts were 
entertained in regard to its being clearly distinct from the more 
modern genus Pecten. While studying the Illinois Coal-meas- 
ure fossils, some years later, at Springfield, Illinois, I discovered 
that it has a very peculiar hinge-plate or area, entirely different 
from that of Aviculopecten ; or, in other words, that it is pro- 
vided with a comparatively large, oblique, central cartilage-pit, 
and a row of smaller ones crossing the area at right angles, all 
along, both before and behind the larger, oblique, central pit, as 
shown in our figure 7c, cited above. Although intending, on 
account of this character, ultimately to make a very different 
disposition of this shell in the text, the name <Aviculopecten 
neglects was temporarily written opposite its number on the 
explanations of the plate, merely to keep in mind, for the time 
being, its identity with the Nebraska shell. The text of the 
volume, however, for the reasons already explained, was not 
revised and written out as at first intended, and consequently 
the name Aviculopecten neglectus was printed in the explanations 
of the plate so originally written, and the references in the text 
given accordingly. 

From the hinge characters of this shell, as illustrated by our 
figures, it will be at once seen to differ widely from A viculopec- 
ten, and, at least in this peculiarity, to be much more nearly 
like Pernopecten of Winchell. After a careful comparison, 
however, with that genus, I am led to the conclusion that our 
shell cannot be properly referred to it, for the following reasons. 
In the first place, the decided obliquity of its large central car- 
tilage-pit, together with the coexistence of a series of smaller 
true cartilage-p’ts along the hinge, like those of Jnoceramus, and 
the nature of its auricles, but more especially the apparent pris- 
matic structure of the shell, are all characters pointing to close 
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relations with the Aviculide. On the contrary, the want of 
even the slightest obliquity of either the central cartilage-pit, 
or of the shell itself, in Pernopecten, as well as the shortness 
and equality of its auricles, without the faintest traces of a bys- 
sal sinus, together with its general physiognomy, all indicate 
affinities to the modern genus Azausium, and consequently a 
position in the Pectinide. It is true, the presence of a row of 
minute cartilage-pits along the entire hinge, if they realty exist 
in Pernopecten, would be an anomalous feature in the Peciinide ; 
but I very strongly suspect that what appear to be such in 
Prof. Winchell’s type are really only interlocking crenulations 
of the hinge-line, and not true cartilage-pits. At least, this 
seemed to me to be the case, on examining Prof. Winchell’s 
type-specimens. However this may be, I am, as already 
stated, decidedly of the opinion that these shells cannot be 
properly referred to the same genus;* and, knowing of no 
other group to which our type could be with more propriet 
referred, I have proposed for it the name Euchondria,+ whic 
will render it necessary to write the name of the type species 
Euchondria neglecta. 

Aviculopecten carboniferus Stevens (sp.); pl. xxvi, fig. 8 
(not figs. 8a, 6). It will be seen that there are, by mistake, 
two very different shells designated on this plate by the num- 
ber 8. That is, one simply numbered 8, and one numbered 
8a, 6. The first, which is not mentioned in the text, or on the 
explanations of the plate, is the form Dr. Stevens described, 
many years back, in this Journal, under the name Pecten 
carbonijerus ; while more recently Prof. Swallow named it 
Pecten Broadhead, and Prof. Geinitz, in his work on the 
Nebraska fossils, has called it Pecten Hawni. Ihave elsewhere, 
long back, called attention to the identity of these proposed 
species, and referred the shell provisionally to the genus Avicu- 
lopecten, as it is certainly not a true Pecten. Good figures of 
both valves of this shell may be seen in my Report on the 
Paleontology of Eastern Nebraska, published in Hayden’s 
Nebraska Report of 1872. 

The other form, numbered 8a, }, on the same plate, is Nucula 
parva of McChesney. 

Nuculana (sp. undt.); pl. xxvi, fig. 10.—This is the same as 
at least one of the forms referred by Prof. Geinitz, in his work 
on the Nebraska fossils, to Nucula Kazanensiz de Vernueil. It 


* In order that the reader may correctly understand how unlike the shell under 
consideration is to Pernopecten, and how closely the latter resembles Amusium, it is 
only necessary to compare the figure of our shell with figs. 12a, b, c of the same 
plate, and figs. 1la-g of pl. 1x, Paleeont. Eastern Nebraska in Hayden’s Nebraska 
Report of 1872, representing Entolium aviculatum Swallow (sp.), which is exactly 
like the type of Pernopecten, excepting in not having a crenate hinge. 

+ See page 445 of this volume. 
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looks like de Verneuil’s figures; but, when we remember that 
his species came from the Permian rocks of Russia, and that 
his typical specimens consist merely of imperfect impressions in 
a mass of rock, it must be admitted that we have very unsatis- 
factory means of comparison, and that the probabilities are 
much against the conclusion that this American Coal-measure 
shell is really the same as the Russian species. 

It is also very similar to Nuculana bellistriata (= Leda 
bellistriata Stevens), originally described from our western Coal- 
measures, and very common at that horizon in Illinois, to 
which species I referred it as a variety (N. bellistriata, var. 
attenuata), in Hayden’s Nebraska Geological Report of 1872, 
page 206. It seems, however, both in Illinois and Nebraska, 
to be always decidedly smaller, and more attenuated at the 

osterior extremity, than the form generally referred to Dr. 

tevens’ shell, and I am now inclined to regard it as a distinct, 
more delicate species. Its smaller size is also quite as strong 
an objection to the supposition that it may be identical with 
de Verneuil’s species. 
[To be continued. ] 


Art. XLVIL—Brief Contributions from the Physical Laboratory 
of Harvard College. No. V.—On a method of freeing a Mag- 
netic Bar from the influence of the Earth's Magnetism; by JOHN 
TROWBRIDGE. 


In the Proceedings of the Philosophical Society, Manchester, 
March 19, 1867, Dr. J. P. Joule gives the following method of 
freeing magnets from the inductive action of the earth’s mag- 
netism: “Two magnets are prepared whose magnetic moments 
are as nearly equal as possible. In the deflexion experiments 
these magnets are used separately, or they may be placed simul- 
taneously on opposite sides of the suspended magnet to pro- 
duce a greater deflexion. In these experiments the inductive 
force of terrestrial magnetism is transverse to the axis. Let 
one of the magnets be suspended, and let the other be placed 
parallel to it with its center exactly below that of the suspended 
magnet, and with its axis in the same direction. The force 
which the fixed magnet exerts on the suspended one is in the 
opposite direction from that of terrestrial magnetism. If the 
fixed magnet be gradually brought nearer to the suspended 
one, the time of vibration will increase, till at a certain point 
the equilibrium will cease to be stable, and beyond this point 
the suspended magnet will make oscillations in the reverse posi- 
tion. By experimenting in this way a position of the fixed 
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magnet is found at which it exactly neutralizes the effect of 
terrestrial magnetism on the suspended one. The two mag- 
nets are fastened together so as to be parallel, with their axes 
turned the same way, and at the distance just found by experi- 
ment. They are then suspended in the usual way and made 
to vibrate together through small arcs. The lower magnet 
exactly neutralizes the effect of terrestrial magnetism on the 
upper one, and since the magnets are of equal moment, the 
upper one neutralizes the inductive action of the earth on the 
lower one.” (Electricity and Magnetism, Clerk Maxwell, vol. 
ii, p. 105. 

It is icoirable in many investigations on magnetism to free a 
needle not only from the inductive action of the earth, but also 
from its directive influence. The method that I have adopted 
is the following: An ordinary tangent galvanometer is so con- 
structed that the coil is free to turn about a vertical axis, and also 
abouta horizontal one. The coil is first placed in a plane perpen- 
dicular to the magnetic meridian ; it is then turned about its hori- 
zontal axis until the component of the strength of the current act- 
ing in the horizontal plane shall be just equal and opposite to the 
horizontal component of the earth’s magnetism. In fig. 1, if 
we denote by 6 the angle which the plane of the coil makes 

1 with a vertical plane, and by a bd the 
: strength S of the current passing 
— av through the coil of the galvanometer ; 
we shall have S cos#=y, in which »« 
6 is the counter-balanced force of the 
x earth’s magnetism. Under these con- 
ditions the magnetic needle is evi- 
dently in a state of unstable equili- 
brium, and, if placed perpendicularly 
3 tothe magnetic meridian, will vibrate 
through small ares free from the in- 
fluence of the earth, and subject onl 
to the attraction in the field of force in which it may be placed. 
A bar of soft iron placed in the vertical plane which passes 
through the suspension of the needle perpendicular to the mag- 
netic meridian, at a suitable distance from one of the poles 
of the needle, serves to bring it back to zero, just as the con- 
troling magnet serves a similar purpose in Thomson’s reflecting 
galvanometer. This method constitutes practically a new as- 
tatic system. 

It is often desirable to test the changes which take place in 
a closed circuit in which the full force of a current acts. Such 
as the effect of heating the electrodes (Faraday’s Experimental 
Researches in Electricity, vol. i, s. 1637), the effects of induc- 
tion, and similar qualitative experiments. In the use of a 
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reflecting galvanometer in such experiments there are great 
difficulties; one of the most obvious of which is the large 
divergence of the spot of light from the zero of the scale, and 
the deflection of the magnet into a state of minimum sensi- 
bility. ‘Table I. will show the effect of the introduction of 
resistances in the closed circuit when the needle is placed by 
this method in a plane perpendicular to the magnetic meridian, 
and a controling magnet serves to bring it back to its original 
position when the resistances are removed. 


TABLE I. 
Resistances Degrees 
in ohms. of divergence. Difference. 
16 
*32 14 
"48 22 8 
54 30 


In the following Table II, the same resistances were intro- 
duced into a closed circuit, the strength of which was measured 
by the same instrument used as a tangent galvanometer: 


TABLE II. 
Resistances Degrees 
in ohms, of divergence. Difference. 
68°5 9 
"16 66°5 2.5 
"32 64 
*48 62 9 
54 60 


It will be seen that, estimated in this way, the new method is 
much the more sensitive. It possesses the advantage also that 
the needle can remain at zero even while a strong current is 
passing through the galvanometer ; and is in a position, at the 
same time, to be influenced by the slightest change in the elec- 
trical condition of the closed circuit. 

The method supplies a magnetic horizontal 


* pendulum for the investigation of the induc- 
f- ~ tive effects of large magnetic masses. It also 
fe | \ serves to determine the force of attraction of a 


an \ galvanic coil on a magnet placed in its axis. 
\ In the following figure the ellipse represents 
| the projection of the plane of the coil of the 
» d| galvanometer on the horizontal plane, when it 
/ makes an angle @ with the vertical plane. a@ 
represents the magnetic needle standing at 
\ right angles to the magnetic meridian ; and cd 
and ef galvanic coils placed parallel to the 

magnetic meridian. 
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. 
For small vibrations of the needle, the law MT= AH) 


evidently applies; in which 
M is the magnetic moment, 
T the force of attraction at a given distance x from the cen- 
ters of the coils, 
t= the time of vibration, 
6= the coefficient of torsion of the suspension thread, 
k the moment of inertia of the needle. 
For the vibrations of the same needle under the influence of 


—_——_: eliminating M, z?, k, and 


T ‘ 
(1+8) we have T"* or T=_T,, in which T, is the force 
of the horizontal of the earth’s magnetism in abso- 
lute units. We can thus, by this method, express the force of 
attraction of a galvanic coil at a given point on its axis where 
the lines of force are sensibly parallel in absolute units. 


the earth we have—MT , = 


No. VIL.—A Note on Melde’s Experiment; by W. LOWERY. 


In performing Melde’s experiments upon the vibrations of 
strings, it is desirable to change the tension of the vibrating 
cord in a continuous manner. The ordinary method of attachin 
weights to the cord does not admit of this with precision ; so 
with small weights the movement of the weight itself, on account 
of the rapid vibration of the string, prevents the formation of the 
ventral segments with regularity. I have adopted tle follow- 
ing method: A glass tube graduated into millimeters is 
weighted so as to float in a vertical position. This is attached 
to the silk cord which hangs from the prong of the tuning 
fork, and is placed in a glass vessel filled with water. This 
latter vessel is provided with a siphon, by means of which 
the water can be drawn off at pleasure. It will be readily seen 
that, by drawing off the water from the larger vessel, the dis- 
placement produced by the graduated glass tube is diminished, 
and the tension of the string thereby is increased. By dimin- 
ishing or increasing the amount of water in the larger vessel 
the tension can be diminished or increased to the desired 
extent. 

In order to make quantitative experiments, the tube is, in 
the first place, connected with the arm of a delicate hydrostatic 
balance. The balance is adjusted when the level of the water 
in which the tube floats is at the zero of the millimeter scale. 
In order to avoid errors in reading, it is best to use a cathetom- 
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eter. The weights, which are necessary to keep the index of 
the balance at zero, when the level of the water in the outer 
vessel falls through the millimeter divisions on the graduated 
tube, are noted. The upward pressure of the water, and conse- 
quently the tension upon the suspending cord, are then given in 
rams. 

' In order to show the regularity of the method, the following 
results of one experiment are given. In the experiment, a 
glass tube which, immersed at 110 mm. on the scale, weighed 
two grams, gave, when the level of the water in the outer vessel 
was lowered, the following: 


Immersed at 110 mm. Weight = 2 grams. 


In these experiments a fall of 8-1 mm. corresponded to a dif- 
ference of 5 of a gram. It is evident by increasing the size of 
the outer vessel that a large amount of water would measure a 
slight displacement. When the cord was set in vibration, the 


following results were obtained : 


Point Weights 
of immersion. in cians. Vibrations. 


110 2° 6 
84 3° 5 
76 4° + 
30 © 6°7 3 

The ratio of the numbers in the second and third columns 
will be found to follow Melde’s law. 

For qualitative or quantitative experiments upon beats or 
Lisajous curves this method of loading the prong of a tuning 
fork can advantageously replace the bit of wax or the sliding 
weight, since we have at our command a quick and precise 
method of adjustment. 


No. VII—A Spark Adjuster for the Holtz Machine; by JAMES 
MINOT. 


In the Annalen der Physik und Chemie, Bd. 187, s. 452, 
and Bd. 139, s. 509, under the title of “ Schwache Elektrische 
Funke in Luft., von P. Riess,” a method is described of obtain- 
ing different kinds of electric sparks from the Holtz machine. 


| 
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The following method seems to be preferable to that de- 
scribed in the above mentioned articles: Having insulated the 
outer coating of the two Leyden jars, which form a part of the 
ordinary Holtz machine, short thick wires were connected with 
these outside coatings and terminated in two brass pointers or 
conductors, so arranged that the distance between them could 
be varied at pleasure. With this arrangement the following 
results were noted. At first the conductors were placed in con- 
nection with each other; it was then found that a series of 
sparks were given off between the conductors of the machine. 
The extreme length of spark obtainable with the machine 
which was used was 20 cm. ‘The sparks so obtained were 
large and luminous, passing only at intervals, and requiring a 
certain electric tension before they would leap across the space. 
Then the pointers connected with the outer coatings of the 
Leyden jars were drawn apart about 18 mm.; it was then 
found that a succession of fine thread-like sparks passed across 
the space separating the conductors of the machine, whereas 
there was no such appearance between the pointers connected 
with the jars. But at intervals a larger spark, not so bright as 
the normal spark of the machine, would jump across the con- 
ductors, and simultaneously with this a Shaclier spark passed 
between the pointers. This fine line of sparks was found to 
have a peculiar form, being brightest and largest at the ends of 
the conductors of the machine, fading away to a lighter and 
redder tint, and being of a thread-like character in the space 
between the knobs of the conductors. 

It was found, if the distance between the conductors of 
the machine exceeded a little that between the pointers con- 
nected with the Leyden jars, that no large sparks passed 
between either set of conductors, but only a series of thread- 
like discharges. When the distance between the conductors 
of the machine was less than that between the pointers, a simi- 
lar result was obtained. When the pointers were but a few 
millimeters apart a continuous loop-like discharge passed be- 
tween them, which was not interrupted by the occasional pas- 
sage of a bright spark, and was not coincident in path with the 
latter. By varying the distance of the pointers of the Leyden 
jars the number and character of the sparks could be changed 
at will. This method possesses the advantage that by an easy 
adjustment of these pointers the form of the electric spark can 
be readily studied. Tn experimenting upon the passage of the 
— through different media we can, by this method, diminish 
the diameter, so to speak, of the spark, and can change quickly 
from the spark discharge to that of the brush. The change in 
tone of the sound of the discharge when the distance between 
the pointers is varied is quite marked. 
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No. VIIL— Effect of Condensers on the Brush Discharge from 
the Holtz Machine; by J. W. FEWKEs. 


THE readiest way of producing the brush discharge is to con- 
nect the negative conductor of the Holtz machine with the 
ground, and to place the hand in its neighborhood with one 
finger extended toward the positive conductor; the brush then 
makes its appearance on the positive conductor. Faraday, in 
his Experimental Researches in Electricity, vol. i, p. 454, et seq., 
has fully described this peculiar electric discharge. Since his 
epoch the use of condensers in connection with electrical 
machines has so altered their range, that the following experi- 
ments were instituted to observe the effect of such condensers 
on the brush discharge. 

Experiment 1. If both condensers were removed from the 
machine and the negative pole connected with the ground, the 
brush made its appearance on the knob of the positive conductor. 

Exp. 2. A plate of vulcanite, held in the hand, was inter- 
posed between the conductors and produced the same effect as 
the hand alone. If, however, the vulcanité were supported on 
an insulated stand, no brush appeared. A metallic disk held 
in the hand failed to produce the brush. 

Exp. 3. A condenser was connected with the positive pole; 
the other connection remaining as before. The brush made 
its appearance, but was less stable, and consisted of a uniform 
straight spark, of 25 mm., terminating in interweaving rays. 
There was a continual tendency to break into the ordinary 
electric spark; due, doubtless, to the increase of electric den- 
sity resulting from the use of the condenser. 

Exp. 4. Yor the condenser of the machine a larger one from 
five to six times its capacity was substituted. The brush 
disappeared. 

Exp. 5. A pointed metallic wire was held in the hand and 
directed toward the brush. It immediately disappeared. 

The conclusions to be drawn from the above experiments 
appear to be as follows: The use of condensers of large sur- 
faces is prejudicial to the continuance of the brush discharge. 
This peculiar phenomenon, which results, evidently, from the 
tendency of the electric state on the positive conductor to com- 
bine with the state which it induces on a neighboring large and 
poor conductor, is best produced by a continuous supply of a 
positive charge, small comparatively in quality, which is as 
continuously dissipated by the inductive action of the large 
body in the neighborhood. Condensers of a smaller extent of 
surface than those in common use on the Holtz machine appear 
better adapted to produce a continuous brush discharge. 

With large condensers the brush changes into a glow on the 
knob of the positive conductor. It will be instructive to quote 
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the remarks of Faraday (Experimental Researches in Electri- 
city, vol. i, § 1526) on this glow discharge. ‘“ Diminution of the 
charging surface will produce it; thus when a rod 0°3 of an inch 
in diameter, with a rounded termination, was rendered positive 
in free air, it gave fine brushes from the extremity; but occa- 
sionally these disappeared, and a quiet phosphorescent, contin- 
uous glow took their place, covering the whole end of the wire, 
and extending a very small distance from the metal into the air. 
§ 1528. Increase of power in the machine tends to produce the 
glow; for rounded terminations, which will give only brushes 
when the machine is in weak action, will readily give the glow 
when it is in good order.” , 

It is evident that diminution of the charging surface in these 
experiments of Faraday resulted in a greater electric density at 
the termination of the conductor used, which was also the effect 
with an increase in power of the machine. In our experiments 
the effect of condensers is analagous to those produced by Far- 
aday in diminishing the charging surface, and increasing the 
power of the machine. For, although the condenser really in- 
creases the charging surface, still the electric density is increased 
in a greater ratio. The spectrum of the brush discharge consists 
of a number of fine lines in the blue and violet end of the spec- 
trum, which are difficult to measure on account of the faint 
light. The — differs greatly from that of the spark 
enhanced by the use of condensers. The spectrum of the latter 
is a continuous one crossed by bright lines. I have measured 
the wave-lengths of the most prominent ones, and find their 


value as follows: 


Wave-length 
of observed lines. Atmo NP) lines, 


5767 5767 N. Plicker 

5687 5686 N. 

5620 

6019 

5185 5184 Thalen 

5003.5 5003 N. Huggins 
The lines due to nitrogen are thus seen to be the most prom- 
inent. There were many fine lines, especially in the violet, 
which were partially obscured by the light of the continuous 
spectrum; and therefore did not admit of exact measurement. 
These lines were apparently those which appeared in the spec- 
trum of the brush discharge. The bright lines whose wave- 
lengths we have given above were wanting in the brush dis- 
charge. The solid particles of the brass conductors do not 
appear to contribute to the formation of the light of the spark, 
for no prominent zinc or copper lines were observed in the 
spectrum. The spark was produced also between brass knobs 
covered with sheet platinum, but no difference in the spectra 
was observed. 
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Art. XLVITL—Brief Contributions to Zotlogy from the Museum 
of Yale College. No. XXIX. Results of recent Dredging 
Expeditions on the Coast of New England. No.7; by A. E. 
VERRILL. 

[Continued from page 414.] 


THE extensive bank near Cashe’s Ledge, consisting for the 
most part of hard bottoms, proved to be one of the most inter- 
esting of the localities on our coast that has been investigated 
by means of the dredge. The crest of Cashe’s Ledge, situated 
about ninety miles south from the mouth of the Penobscot 
River, rises to within four fathoms of the surface. Since it is 
in range with the extensive belt of syenitic rocks which, run- 
ning in a southwestern direction, terminate in the mountains of 
Mt. Desert and the smaller islands situated farther south, 
Cashe’s Ledge is, in all probability, a sunken island belonging 
to the Mt. Desert group. The rocks on Mt. Desert are mostly 
massive reddish colored syenites, often passing into granite and 
hyperite. Many of the fragments brought up by the dredge, 
at Cashe’s Ledge, are of the same kind of rock, and the mud 
in the same region is reddish brown, and under the microscope 
shows grains of reddish feldspar, garnet and other minerals 
characteristic of this granitic formation. The dredgings in 
this region commenced a few miles south of the crest of the 
ledge, in fifty-two fathoms, and extended several miles farther 
southward, to the depth of ninety fathoms. Several hauls 
were made, both with tangles and dredges, but the whole collec- 
tion was combined together (under No. 21, in the table of 
temperatures, p. 408). The single temperature observation taken 
at the bottom in this place gives 48° F., but this is probably 
somewhat too high. Although the bottom was generally 
rocky, stony, or gravelly, some patches of mud were evidently 
encountered, for several species of Annelids, very character- 
istic of muddy bottoms, were obtained in abundance. Among 
these were Zerebellides Stroémi, Melinna cristata, Nothria opalina 
V. (plate tv, fig. 1), Ninoé nigripes V. (plate 1Vv, fig. 8), Letmonice 
filicornis, and several other species. 

Among the numerous interesting Crustacea from Cashe’s 
Ledge were Lithodes maia ; several species of Hippolyte ; Caridion 
Gordoni, a rare shrimp, previously dredged in the Bay of 
Fundy and at Saint George’s Bank ; Gidiceros lynceus ; Tritropis 
aculeata ; Paramphithoé pulchella, and other interesting Amphi- 
pods; Scalpellum Stroémi, a rare barnacle, dredged afterward off 
Cape Cod, in one hundred and forty-two fathoms, and in 1872, 
in four hundred and thirty fathoms, off Saint George's Bank, 
but much more abundant on Cashe’s Ledge than in the other 
localities. The Annelids were also numerous: among them was 
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a large oblong scaly worm, allied to Aphrodita, but with larger 
and less coneealed, smooth scales, fewer and stiffer setae, and 
long slender antenne ; it is probably Letmonice filicornis Kin- 
berg, though it does not fully agree with the description. The 
same species was dredged in 1870, in ninety fathoms, in the 
Bay of Fundy. The Leodice vivida (Hunice vivida Stimp)., 
Nothria conchylega, Trophonia aspera, Thelepus cincinnatus, 
Potamilla oculifera, Sabella zonalis, and an undetermined species 
of Sabella, which constructs tubes covered with 3. 

sand, were abundant. The beautiful Protula 7 
media Stimpson was also quite common, its 

tubes adhering to shells and stones in company 

with several species of Sprorbis, and the cun- 

ous Vermilia serrula (figure 3, and plate v1, 

fig. 1); the latter is remarkable among the 

Serpulide for the two curious chambers which 

are formed at the sides of the opening of the 

tube, when mature (figure 3), but these are en- 

tirely wanting in immature specimens. A 

species of Phascolosoma, having a thick opaque 

integument, covered with minute papilla, but 

without hooks, and usually coated with dark 

brown or blackish dirt, was quite abundant ; it 

is probably the P. boreale Keferstein, described 

from Greenland specimens. 

Among the most interesting Mollusca were 
several fine specimens of Anachis Haliweti (Jeff. sp. + new to 
American waters; Astyris rosacea ; Ptychatractus ligatus, a rare 
shell; Zurritella erosa, unusually common ; Calliostoma occiden- 
tale ; a large species of Polycera, with long dorsal papillee ; Hanleva 
mendicarva ; fine specimens of Pecten Islandicus; a few small 
ones of P. tenuicostatus, one of which is white on both sides 
and peculiar in other respects; and single living specimens of 
Arca pectunculoides and Torellia vestita, which were also dredged 
in 1872, near Saint George’s Bank. Ascidia mollis V. (figure 2, 
p. 409) and several other Ascidians were abundant; as was also 
Terebratulina septentrionalis. The Bryozoa were unusually nu- 
merous and fine: among the more interesting of these were 
Discofuscigera lucernaria; Tubulipora crates Stimp., Hornera 
lichenoides ; Farrella familiaris ; Flustra solida Stimp., abundant ; 
Discopora Skenei ; Myriozoum coarctatum, ete. 

The Echinoderms were very numerous and of great interest. 
The “tangles” did very good service in securing large numbers 
of fine starfishes, some of which were previously quite rare, 
and others entirely unknown on our coast. Among the most 
interesting of the Echinoderms were several specimens of Schiz- 
aster fragilis; Hippasteria phrygiana, a magnificent starfish, 
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rarely met with on our coast, of which about a dozen good speci- 
mens, of all sizes, were obtained by means of the tangles; 
Archaster Parelii, a fine Norwegian starfish not previously 
known from American waters; several specimens of Archaster 
arcticus, previously known on the American coast from a single 
specimen dredged near St. George’s Bank, in 1872, in 150 fath- 
oms. Leptasterias tenera, L. compta, and Stephanasterias albula 
were common ; Pteraster militaris occurred sparingly, and a small 
undetermined starfish allied to Asterina was represented by a 
single specimen. The Ophiurans were also abundant, but mostly 
of the common species ; those of most interest were Ophiacantha 
spinulosa and a small Amphipholis, with six arms, found adher- 
ing to asponge. ‘T'wo specimens of a fine Comatula, apparently 
identical with Antedon Sarsii, previously known only from the 
northern coasts of Europe, were also caught by the tangles. 
Hydroids were abundant, but mostly identical with species found 
in the shallower waters of Casco Bay and Bay of Fundy. 
Among the Actinians were Urticinu nodosa and Bolocera Tuedie, 
both of which were added to the American fauna last year by 
our dredgings near Saint George’s Bank and in the Bay of 
Fundy, and were also obtained this year off Casco Bay. Cornu- 
lariella modesta V. (plate vit, figs. 1, 2) occurred on Jettrey’s 
Ledge. Sponges were very abundant on Cashe’s Ledge, and of 
many species: among them were Z'hecophora ibla Thompson 
(plate vil, fig. 8), also dredged last year by the Saint George's 
Bank expedition; Tethya hispida Bowerbank; two or three 
species of Polymastia, one of which has the surface densely his- 
pid with long spicules, except around the bases of the large and 
rather long mammilliform prominences; several specimens of 
Hyalonema longissimum; and a cup-shaped thin, flexible 
sponge having spicula with six acute rays (much like those 
of LHupleciella, “attenuated rectangulated hexradiate” and 
quadrifurcate hexradiate stellate.) But the most interesting 
sponge was a large species, of which several fine specimens were 
obtained. This in general appearance and form somewhat 
resembles a Zethya, and in the character of the spicula it agrees: 
with Dorvillia Kent. This sponge consists of a broad, convex, 
often nearly hemispherical, upper portion, two to four inches 
in diameter, supported on a broad stout, but short, peduncle, 
usually two or three inches broad in large specimens, and some- 
what less in height, the peduncle usually forming about one- 
half of the total height, which may be three or four inches. 
The peduncle is composed of very long, slender, irregularly 
aggregated, mostly setiform spicula, more or less appressed to 
the surface, but with the upper ends mostly free ; together with 
a few small dependent fascicles. The “head” or upper portion 
of the sponge mass is firm and rather dense, composed ‘chiefly 


id 
Hig) 
Hi 
it, 
q 
| 
| 
qj 
if 
4 
Iq 
i f 
| 
i 
| 
| 
{ 
i 
3 
i 
q 


on the Coast of New England. 501 


of radiating bindles of large and long slender spicula, often 
more than half an inch long, many of which, at the external 
layer, divide into three horizontal or recurved branches or 
prongs, each of which usually forks near the end into two acute 
divergent branches, serving to support the cortical layer, which 
is more or less irregular and uneven, but firm; some of the 
spicula referred to project beyond the surface, and nearly the 
whole exterior is rudely and densely hispid, with long, setiform, 
acute spicules, which project unequally from the surface, the 
free ends of many of them being half an inch or more in 
length. Among the projecting spicula, and supported by them, 
are small, elongated oval, or fusiform, masses of soft sarcode, 
which are probably to be regarded as external gemmex. Scat- 
tered irregularly over the upper surface, and especially around 
the periphery, are large, often very elongated, rounded, or 
angular, sunken areas or pits, often half an inch across, sur- 
rounded by a more or less prominent margin supported by stiff 
projecting spicula. The bottom of these pits is formed bya 
thin membrane or diaphragm, perforated by very numerous 
small round or oval openings, which are quite variable in size, 
even in the same area, and in many cases are so numerous and 
large in the central part as to be separated only by a mere net- 
work, when they become polygonal. This perforated mem- 
brane is filled with minute, many-rayed double-stellate spicula, 
with a small number of much larger ones having four or five 
acute rays. Beneath the diaphragm the pits become more or 
less funnel-shaped, and communicate with large round anas- 
tomosing channels, which ramify through the sponge-mass. 

It seems necessary to refer this remarkable form to the genus 
Dorvillia, and therefore I propose to consider it a new species 
under the name of Vorvillia echinata.* 

The greater part of “Jeffrey’s Ledge,” situated from 6 to 15 
miles northeast from Cape Ann, has a hard, gravelly and stony 
bottom, in 24 to 33 fathoms of water. Most of the species 
found there are the same as those previously enumerated from 
the hard bottoms in Casco Bay, though a few additional ones 
were found. The hard bottoms on Stellwagen’s Bank, north 
of Cape Cod, in 22 to 44 fathoms, have a fauna very similar to 
that of Jefirey’s Ledge, but with some species not met with in 
the other localities. Astrophyton Agassizi was taken here, in 
great abundance, with the tangles, though it did not occur 
either on Jeffrey’s Ledge, Cashe’s Ledge, nor in Casco Bay. 
Asterias vulgaris was also very abundant and of large size. 

Among the Mollusca from Stellwagen’s Bank were Aporrhais 


* It may be the Thenea muricata Gray (Bowerb. sp.), but does not agree with 
the description. The sponge referred to by Whiteaves (this volume, p. 211) was 
probably an imperfect specimen of the same species. Our species was attached 
to pebbles, etc. 
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occidentalis ; numerous specimens of Mactra polynema (ovalis 
Gould) and Cyprina Islandica, and a few dead valves of Gly- 
cimeris siliqua and Panopea Norvegica. The latter occurred also 


on Jeffrey’s Ledge. 
List of species from the hard bottoms on the outer banks. 


In the following list the species dredged on Cashe’s Ledge 
(loc. 21) are designated by c following the name; those from 
Jeffrey's Ledge by 3; those from Stellwagen’s Bank by s. 
Those species dredged on these bottoms, but belonging more 
properly to muddy bottoms, are designated by an asterisk (*) 
prefixed; some of these doubtless came from scattered patches 
of muddy bottom, but others may have burrowed beneath the 
stones and dead shells. 


ARTICULATA, 
Pycnogonida. 
Pycnogonum pelagicum. C. J. | Nymphon grossipes. 
Crustacea. 


Hyas araneus. Paramphithoé pulchella. 
H. coarctatus. .J.8. | P. (?) cataphracta. 

Cancer irroratus. . | Tritropis aculeata. 
Lithodes maia. ; | Moéra Dane. 

Eupagurus pubescens. .8. | *E£diceros lynceus. 

E. Kroyeri. -S. | Melita dentata. 

E. Bernhardus. . | Phoxus Kroyeri. 
Hippolyte spina. . 8. | Podocerus, sp. 

H. borealis. . J. 8. Leucothoé grandimanus St. 
H. pusiola. ; . | Metopa, sp. 

H. polaris. | Unciola irrorata. 

H. aculeata. .8 | Ptilocheirus pinguis. 

H. Fabricii. ts *Ampelisca, with red spots. 
Pandalus annulicornis. .J.8 | Caprella, spiny sp. 
Caridion Gordoni. i Asellodes alta. 

Crangon vulgaris. . | Praniza cerina, 

Mysis, sp. .8 | Anthura brachiata. 
Thysanopoda, large sp. ; ; Bopyrus, on Hippolyte. 
Cumaceze, sp. | Balanus porcatus. 
Acanthozone cuspidata. 3.8. | Scalpellum Stroémi. 


Cc. 
Cc. 
Cc. 
Cc. 


Annelida. 


*Leztmonice filicornis. *Ninoé nigripes V. 
Eunoa (rstedii. .8. | *Lumbriconereis fragilis. 
E. nodosa. . Rhynchobolus albus (?) 
Harmothoé imbricata. C. *Goniada maculata. 
Antinoé Sarsii. ; Trophonia aspera St. 
Euphrosyne borealis. R Tecturella flaccida St. 
Cryptonota citrina St. ; | Brada subleevis St. 
*Nephthys ingens St. : Nicomache lumbricalis. 
Nereis pelagica. . 3.8. | Cistenides granulatus. 
Phyllodoce Groenlandica. | *Samytha sexcirrata. 
Leodice vivida. | *Melinna cristata. 
Nothria conchylega. : | *Terebellides Stroémi. 
*N. opalina V. . § | Thelepus cincinnatus. 


22a 
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Annelida—continued. 


Amphitrite cirrata. C. Protula media St. 

A. intermedia. C. Filigrana implexa. 
Myxicola Steenstrupii. e Vermilia serrula St. 
Sabella zonalis St. * Spirorbis lucidus. 
Sabella, sp., in sandy tubes. . 3.8 8. quadrangularis St. 
Potamilla oculifera. . J. 8 S. nautiloides (?). 
Chone, sp. . Ichthyobdella, sp. 


Gephyrea. 
Phascolosoma boreale (?). ; | P. cementarium. 


Turbellaria. 
Nemertes affinis (?). 


Mo..usca. 


Gastropoda. 


Admete viridula. . | Lamellaria perspicua. 

Bela turricula. . | Turritella erosa. 

B. decussata. .J.8 | T. acicula. 

B. harpularia. > Odostomia, sp. 

Anachis Halizeti. *Scalaria Groenlandica. 
Astyris rosacea. | Acirsa borealis. 

Buccinum undatum. Margarita obscura. 
Neptunea curta. M. cinerea. 

N. decemcostata. M. Greenlandica. 

Neptunella pygmeza. Calliostoma occidentale. 
Tritia trivittata. Diadora noachina. 
Ptychatractus ligatus. Lepeta czeca. 

*Aporrhais occidentalis. Polycera, sp. 

Natica clausa. *Cylichna alba. 

Lunatia Groenlandica. *Philine lineolata. 

L. immaculata. *Scaphander puncto-striatus, 
L. heros, var. triseriata. Hanleia mendicaria. 
Amauropsis helicoides. Trachydermon albus. 
Torellia vestita. . *Entalis striolata. 

Velutina zonata. ; *E. agilis (?). 
V. levigata. . J. 8. 


Lamellibranchiata. 


Clidiophora trilineata. 
Mactra polynema. 
*Leda tenuisulcata. 
*Nucula delphinodonta. 
*Yoldia obesa. 

Modiola modiolus. 
Modiolaria discors. 


Mmm 


Zirpheea crispata. J. 
Glycimeris siliqua. 
Saxicava arctica. 
Panopza Norvegica, 
*Macoma sabulosa. 
*Cyprina Islandica. 
Cardium pinnulatum. 
*Cyclocardia borealis, M. corrugata. 

*C, Novanglie. M, nigra. 

*Astarte lens. . J *Crenella glandula, 
*A. undata. Pecten Islandicus. 
A. quadrans. P. tenuicostatus. 
Arca pectunculoides, ; P. Groenlandicus (?) 
Mya truncata. Anomia aculeata, 
Lyonsia hyalina, 


503 
a. 
©. J. 
3:2 
0.3. 
8. 
| 
+ 
©. 
«2 
8. 
8. 
8. 
©. J. 8. 
©. J. 8. 
J. 8 
J. 8. 
C. 
a 
J. 
J. 8. 
o. 
8. 
J. 8. 
8. 
©. J. 
3.8 


504 A. E. Verrill—Results of recent Dredging Expeditions. 


Ascidia mollis V. 
Ascidiopsis complanatus. 
Cione tenella. 

Cynthia carnea. 

Molgula retortiformis. 


Idmonea pruinosa St. 
Tubulipora crates St. 
Tubulipora, sp. 
Hornera lichenoides. 
Crisia eburnea. 
Farrella familiaris. 
Alcyonidium, sp. 
Cellularia ternata. 
Caberea Ellisii. 


| 
| 
8. | 


Tunicata. 


Amarcecium glabrum. 
A. pallidum. 
Leptoclinum albidum. 
L. luteolum. 
Lissoclinum, sp. 


Brachiopoda. 


Terebratulina septentrionalis. 


Bryozoa. 


| Bugula Murrayana. 
Gemellaria loricata. 
Flustra solida. 
Membranipora, sp. 
Discopora Skenei. 
Lepralia, several sp. 
Myriozoum coarctatum. 
Cellepora scabra. 

C. ramulosa, var. 


RapIiATA. 


Echinodermata. 


Lophothuria Fabricii. 

*Schizaster fragilis. 

Strongylocentrotus Drébachi- 
ensis. 

“var. with slender reddish 

spines. 

Echinarachnius parma, 

Asterias vulgaris. 

Leptasterias tenera. 

L. compta. 

L. Mulleri (?) 

Stephanasterias albula. 

Solaster endeca. 

Cribrella sanguinolenta. 


Campanularia verticillata. 
Obelia, sp. 

Grammaria abietina. 
Lafoéa, sp. 

Halecium muricatum. 
Diphasia fallax. 
Sertularia cupressina. 


Alcyonium carneum. 
Cornulariella modesta V. 
*Edwardsia, sp. 


Cc. 


Cc. 


J. | Pteraster militaris. 
Hippasteria phrygiana. 
Archaster Parelii. 

A. arcticus. 

Asterina (?), sp. 
*Ctenodiscus crispatus. 
Ophiopholis aculeata. 
*Ophioglypha Sarsii. 
*O. robusta. 
Amphipholis elegans. 
A. Torelli (?). 
Ophiacantha spinulosa. 
Astrophyton Agassizii. 
Antedon Sarsii. 


Hydroida., 


J. 8. Sertulariella polyzonias, var. 


. J. 8. 8. tricuspidata. 
Fe Eudendrium, sp. 


. J 


Tubularia indivisa. 
J. 8. *Corymorpha pendula. 
Hydractinia polyclina. 


Anthozoa. 


Urticina nodosa. 
U. crassicornis. 
Bolocera Tuediz. 
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J. | 
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PROTOZOA. 
Spongie. 


Hyalonema longissimum. ; Reniera, coarse and open sp. 
Thecophora ibla. Reniera, sp. with conical 
Dorvillia echinata V. verruce. 
Tethya hispida Bowerb. wae Halichondria panicea. 
Polymastia robusta (?). } H., sp., dark red, on shells. 
P. mamillaris (?). ‘ H. (?), sp., purplish, encrusting. 
Polymastia hispid species. ih Compact branching sponge. 
Trichostemma, sp. Cup-shaped sponge. 
Suberites (?), bright yellow with 6-rayed spicula. o. 
with large verruce. 3 Isodictya, sp., with large 
Suberites, smooth, orange, oscules. c 
massive sp. I. infundibuliformis (?). 
Cliona, sp. Grantia ciliata. 
Globular, cancellated sponge. J. G. arctica (Sycandra Heckel). c. 
Several other sponges occurred which have not been ex- 
amined, 
The twc .ocalities in shallow water, near Salem Harbor, 
vielded a number of interesting species, with many of the well- 
known species characteristic of Massachusetts Bay and the 


adjacent coasts. 


EXPLANATION OF PLATES. 


Plate vI.—Figure 1, Vermilia serrula Stimpson; an immature specimen, much en- 
larged. 
Figure 2, Prazilla zonalis Verrill; Casco Bay, 8 to 20 fathoms; anterior 
and posterior portions, enlarged 4 diameters. This species has 22 
setigerous segments, and the circular bands of color on the anterior 
portion are bright red. 
Figure 3, Ancistria acuta Verrill, from Casco Bay, 10 to 15 fathoms; 
enlarged 32 diameters. 
Figure 4, Enipo gracilis Verrill; sete, enlarged 175 diameters. 
Figure 5, Amphitrite cirrata; a, side view, enlarged about 2 diameters; 
b, one of the branchiz more enlarged; c, one of the uncini enlarged 
500 diameters. 
Plate vi.—Figure 1, Ophionemertes agilis Verrill; dorsal view, enlarged four times. 
Figure 2, Macronemertes gigantea Verrill; a, head, dorsal view; }, head, 
ventral view; natural size. 
Figure 3, 7retrastemma vittata Verrill; a, head, dorsal view; }, head, 
front view; enlarged. 
Figure 4, Huchone elegans Verri!l; enlarged. 
Figure 5, Ammotrypane fimbriata Verrill; ventral view, enlarged. 
Figure 6, Clymenella torquata Verrill; side view, natural side. 
Figure 7, Urticina nodosa Verrill (Fabr. sp.); natural size. 
Plate vi1.—Figure 1, Cornulariella modesta Verrill; enlarged. 
Figure 2, The same; spicula of the integument, much enlarged. 
Figure 3, Alcyonium carneum Ag.; three of the polyps, much enlarged. 
Figure 4, Edwardsia farinacea Verrill; enlarged about three diameters. 
Figure 5, The same; view of the disk; more enlarged. 
Figure 6, Oligotrochus vitreus Sars; a, an immature plate; 6, a fully 
developed one; enlarged 140 diameters. 
Figure 7, Scalpellum Stroémi Sars; side view, enlarged 5 diameters. 
Figure 8, Thecophora ibla W. Thompson; natural size. 


[Figure 4 of plate v1, figures 2 and 4, plate vim, and figures 1 to 6 of plate viz 
were drawn by the author; figure 7 of plate vi, by S. I. Smith; figure 8, plate 
vill, by Mr. Sherman; figure 5 of plate vi was copied from Malmgren; all the 
rest were drawn by J. H. Emerton.] 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcs. 


1. On the Specific Heats of Zirconium, Silicon and Boron.— 
W. G. Mixter and E. 8. Dana have determined with great care, 
in Bunsen’s laboratory, the specific heats of zirconium, of silicon 
and of boron, with a view to fix the atomic weight of zirconium 
and consequently the formula of zirconia. Although this earth 
forms salts with acids, yet Marignac’s discovery of the isomor- 

hism of zirconium fluoride with the fluorides of silicon, of titan- 
lum and of tin, has resulted in giving the formula ZrO, to zirconia, 
instead of ZrO or Zr,0,. The specific heat determinations were 
made with the original ice-calorimeter of Bunsen.* In order to 
become familiar with the use of the apparatus, some preliminar 
experiments were made with chemically pure cast silver and wit 
crystallized silicon. The constants of the apparatus were Wy, 
W,, and W, ; representing respectively in divisions of the scale 
on the instrument the quantity of heat evolved by one gram of 
water, platinum and the glass used, when cooled from 1° to 0° C, 
These values were as follows: W,=14: 657; W,=0°4692; 
2°7657. The results of the preliminary experiments are given in 
the following table: 

Silicon, Silicon. 

Weight of substance 10011 10011 
Weight of glass case. ...---- 0 0°2014 0°2014 
Weight of platinum load -.-- Gp. 0°4374 0°4374 
Temperature of expt ‘: 99°45° 99°45° 
Duration of experiment,... M, 2 457 


Scale motion before expt., "236 +0°169 


after “ 16: +0°151 
3173 
323°25 324°5 
0°05494 0°1704 
The value thus found for the specific heat of silver, 0°0549, agrees 
very well with that obtained by Bunsen, 0°0559, and is less than 
that given by Regnault, 0°0570. For silicon, different specimens 
gave Regnault values varying between 0°166 and 0180. In order 
to ascertain the purity of their specimen, which consisted of large 
well-formed crystals showing no mech: inically-mixed impurities, 
the authors heated a portion of it in a stream of chlorine gas, and 
determined the silicon from the loss. It contained silicon 98°7, 
iron 0°6, zinc 0°7=100. Correcting the observed specific heat by 
this analysis, they obtained 0°1710 for the true specific heat of 
silicon, and (14°20°1710) 2°429 for its atomic heat; thus con- 
firming the deviation of this element, even when pure, from the 
law of Dulong and Petit. 


* This Journal, III, i, 172, 271, 348, 1874. 
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For the zirconium determinations, a material was used which, 
as shown by analysis, consisted of zirconium 54°53, silicon 5°44, 
aluminum 40°36 = 100°33. It was homogeneous in appearance 
and was made up of metallic scales resembling graphite. It gave 


as follows : 

I. 
Weight of substance 1°3019 13019 
Weight of glass case, 0°1781 01781 
Temperature of the expt.,_---.- 99°7° 99°75° 
Duration of the expt., 30’ 35’ 


Scale-motion before expt.,---- +0°137 +0111 


t 
Scale-motion after +0°18 +0°14 


Oscillation during expt.,.....Q—Q,, 294°1 296°2 
Corrected scale-motion. T 298°85 300°59 
Specific heat, 0°1313 0°1321 
Correcting this result by the analysis above given, the authors 
find for the specific heat of pure zirconium the value 0°6666, and 
for its atomic heat, 2°986. This last number agrees well with 
that of silver, 2-968, and confirms the formula ZrO, as the correct 
expression for zirconia. 

The boron, whose specific heat was determined by Mixter and 
Dana, consisted for the most part of well-formed crystals, having 
the following composition: Boron 90°18, aluminum 9°82=100. 
The specific heat of this substance, as obtained in two determina- 
tions, is given as 0°2472 and 02489, Calling the specific heat of 
aluminum 0°2143, the specific heat of pure boron becomes 0°2518, 
and its atomic heat 2°745 ; or, taking its atomic weight at 5 45, to 
bring it into accordance with the other determinations, 1°3725 ; 
thus confirming the results of Regnault and Kopp, and giving a 
much smaller number than is required by Dulong and Petit’s law. 
—Ann, Chem, Pharm., clxix, 388, Oct., 1873. G. F. B 

2. On a constant Normal Flame.—The necessities of practical 
photometry as well as exact scientific research require the use of 
a normal flame constant in character and uniform in results. 
This is far from being the case either with the generally used 
standard candle, the carcel lamp of definite form and size as used 
in France, or the pure ethylene gas flame used in Germany. 
Warrua proposes therefore a simple apparatus by which he hopes 
to attain this desideratum ; as employed in his preliminary ex- 
periments, it consists of an ordinary gun-metal cylinder, such as is 
used for containing the liquid carbonic acid in a Natterer’s con- 
densing pump, placed in a tin outer vessel filled with water. To 
the jet is affixed a gas burner, just below which is placed a small 
water manometer, This cylinder is filled nearly full with ordinary 
ether, and the water outside of it is heated to boiling. The pres- 
sure in the interior of the cylinder is, according to Regnault’s ex- 
periments, 4950°81™"* and will remain constant for an hour. If 
now the fine screw be opened slightly, the ether vapor passes, 
under only three or four millimeters of water pressure, to the burner, 
and, being ignited, burns with a brilliant white flame resembling 
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that of gas. It is easy to see that an apparatus can be constructed 
weighing only from 100 to 150 grams, which will sustain, under 
the conditions above given, double the required pressure, and 
which can be placed on the balance and its consumption obtained 
within a milligram. If a burner with an opening of known diam- 
eter be used, and the estimation be made, as is now common with 
the standard candle, by noting the height of the flame, and the 
number of the divisions the key is turned, the character of the 
flame and the consumption of material may be absolutely con- 
trolled and registered. The author suggests the use of this appa- 
ratus for determining vapor tensions, especially of the more dan- 
gerous burning oils.— Ber. Berl. Chem. Ges., vii, 103, Feb., 1874. 
G. F. B. 

8. On the so-called Continuing Rays of Becquerel.—In 1843, 
Becquerel stated that, if silver chloride be exposed to the spec- 
trum directly, it begins to be blackened first in the outer violet 
rays, the action subsequently extending up to the line F. But if, 
previous to this exposure, diffused light be allowed to fall upon it 
long enough to permit a very feeble action to take place, then, 
when exposed to the spectrum, not only does the blackening take 
place in the outer violet, but throughout the whole spectrum even 
to the outer red. He hence called the violet the exciting rays, 
and the others continuing rays, because they appeared to continue 
the action when it was once commenced by the violet. ‘These ex- 
periments were made with the chloride of silver, and it is upon 
this substance that his theory is founded. Though he used the 
iodide and bromide, yet, as they were not pure, he was misled. 
Though this theory of Becquerel has been contested by Draper, 
Claudet, Gaudin and others, yet as Guetzlaff has recently re- 
vived it in the recommendation to under-expose photographic 
plates in the camera, and then to give them a supplementary 
exposure behind red glass (or any glass which transmits no blue 
rays); H. VoGEL, in connection with Zencker and Prumm, has 
re-examined the question. The results prove that, with the ordi- 
nary silver iodide and bromide process, exposure behind a red 
glass has no effect whatever. Vogel hence explains the apparent 
continuing action in the case of silver chloride as special, due to 
the following facts: 1st, that pure white silver chloride (AgCl) is 
seusitive only for violet and ultra-violet rays, being by them re- 
duced to the violet argentous chloride (Ag,Cl); 2d, that this 
violet chloride, as proved by the experiments of Seebeck, Herschel, 
Poitevin, Zencker, and others, is sensitive for almost all the colors 
of the spectrum ; a fact of great significance in color photography. 
Becquerel therefore obtained an effect from all parts of the spec- 
trum because he used this violet chloride, produced by his pre- 
liminary exposure. In proof of this, the violet chloride produced 
by purely chemical processes without the aid of light, is shown to 
be sensitive to the red and yellow rays. That the trace of argen- 
tous chloride produced by the brief preliminary exposure can re- 
sult in so intense a darkening Vogel thus explains: Ist, the violet 
chloride is reduced to metallic silver by the light: 
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Ag,Cl=Ag,+Cl. 
2d, in presence of the white chloride, this metallic silver reacts to 
give the violet body : 
AgCl+Ag=Ag,Cl. 

This is then reduced as before, and the process goes on till all 
the silver chloride is decomposed. It is therefore evident that, in 
the sense in which Becquerel used the term, there is no such thing 
as “continuing” rays. When light-rays which are themselves 
inactive appear to continue the action of those which are active, 
the fact is to be ascribed to the production, by the active rays, of 
a new compound, decomposable now by the previously inactive 
rays. Chloride of silver shows this action best, because of the 
intensity of its color-changes. Since, however, the color of argen- 
tous chloride is violet, the complementary colors red, yellow and 
green must be absorbed; and since it is the absorbed rays which 
produce actinic effects, it is to be expected that the violet chloride 
will be sensitive to the so-called inactive rays. Moreover, silver 
bromide being itself directly sensitive to the rays of low refrangi- 
bility, it cannot evidently exhibit this continuing action. And, 
since both bromide and iodide are colored yellow by light, they 
are not more sensitive to yellow on subsequent exposure, because 
they do not absorb it.—Ber. Berl. Chem. Ges., vi, 1498, Jan., 
1874. G. F. B. 

4. On the Solubility of Arsenous Oxide.—Of the two modifi- 
cations of arsenous oxide, the vitreous or transparent and the por- 
celain-like or opake, the former is well known to be more soluble 
in water than the latter. Sre.zer, under the direction of Buch- 
ner, has made a series of experiments with a view to determine 
the exact solubility of these varieties. The oxide was prepared 
in the second of the above modifications, by solution in hot dilute 
hydrochloric acid, and slow cooling of the filtrate. The octahe- 
dral crystals were washed, dried and pulverized. The estimation 
of the amount dissolved was effected by titrition with a tenth- 
normal solution of iodine, being controlled by evaporation and 
direct weighing. A portion of this acid was placed in a flask, 
and treated with pure water at 15° C., for twenty four hours. Every 
100 ¢. c. of this solution contained 0°28215 grm., and every liter 
2°8215 grams of the crystalline oxide. A second portion was then 
heated with distilled water to 100°, and the solution kept boiling 
for 20 minutes. It was cooled to 15°, allowed to stand 24 hours, 
and filtered; on analysis each 100 c.c. contained 2°1873 grams, 
and one liter 21°873 grams, a quantity nearly eight times greater 
than in the first experiment. Such a difference can only be ex- 
plained on the hypothesis that during the boiling a molecular 
change takes place, resulting in the conversion of the crystalline 
into the amorphous form. Upon testing the amorphous variety, 
prepared by heating the pulverized crystals in a flask, to a high 
temperature, it was found that water which had been agitated, 
upon the oxide at 15° for 24 hours, contained 0°9306 grm. in 100 
c.¢., and 9°306 grms. in one liter. Finally, the amorphous oxide 
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was boiled with water for several minutes, the mixture cooled to 
15° and allowed to stand 24 hours. The filtered solution con- 
tained 3°4056 grams, the liter 34056 grams of this variety. The 
difference in solubility at 15° of the two forms is consequently 
much greater than at 100°. One part of the crystallized oxide 
requires at 15°, 355, one part of the amorphous at 15° requires 108 
parts ; a of the crystallized at 100° requires 46 parts, and 
one part of the amorphous at 100° requires 30 parts of water for 
—ZJ, pr. Ch., Il, viii, 234, Dee., 1873. G. F, 

5. On the Constitution of Anthracene.—Two views are held 
upon the constitution of anthracene; one that its two CH groups 
are united directly together and then are united to the two benzol 
nuclei; the other that these groups are united to these nuclei 
separately. The former view would make anthracene belong to 
the 1: 4 or para series and may be formulated thus: 


C,H, i pieces C,H, ; the latter regards anthracene as a 1:2 or 


CH 

[Colle 
For the former view, the fact is urged that solid tolyl-phenyl-ketone 
heated with soda-lime, yields paratoluic acid and benzol, and hence 
belongs to the para-series. But, since this ketone gives the same 
benzoyl-benzoic acid on oxidation as benzyl-toluol, it follows that 
this latter body, and consequently the anthracene, which is derived 
from it by the action of heat, belongs to the para-series. Finding 
that the solid tolyl-phenyl-ketone did not afford anthracene, Beur 
and Van Dorp were led to suspect the existence of two isomeric 
benzyl-toluols, one of which afforded the anthracene, while the 
other gave the para-benzoyl-benzoic acid. They consequently 
prepared the two tolyl-phenyl-ketones and submitted them to in- 
vestigation. The liquid ketone afforded, on oxidation with chro- 
mic acid, beside some para-benzoyl- -benzoic acid, the /-benzoyl- 
benzoic acid of Zincke. Oxidation with manganese dioxide and 
sulphuric acid gave in addition anthraquinone. The solid ketone 
gave only para-benzoyl-benzoic acid in both cases. ‘The liquid 
ketone passed over ignited zine dust yields 6-benzyl-toluol, which 
then condenses to anthracene ; while the solid ketone thus treated 
gave an oil boiling at 285 >” having the composition of benzyl- 
toluol and affording para- -benzoy|-benzoic acid on oxidation. It 
is therefore para-benzyl-toluol. It affords no anthracene on pass- 
ing its vapor through a red-hot tube. Hence Behr and Van Dorp 
regard their suspicion as established, and believe that anthracene 
cannot be a para-derivative of benzol. They, however, regard it 
as a 1: 2 or ortho-derivative, and assign to it the second of the 
above formulas,— Ber. Berl. Chem. Ges., vii, 16, Jan., 1874. 

G. F. B. 

6. On a new Amyl Aleohol_—Backuoven has obtained a 
dextro-rotatory amyl alcohol from fusel oil. “The following are 
the conclusions of his paper: (1) When, from commercial fusel oil, 
amyl-sulphuric acid is prepared by means of oil of vitriol, and 


ortho-derivative, which may be thus written: C,H, 1 
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this is converted into barium amyl-sulphate, the kind of salt ob- 
tained is determined by (A) the quantity of sulphuric acid added, 
and (B) the temperature of the mixture. (2) With unequal quan- 
tities of aleohol and sulphuric acid, a portion of the amyl-sul- 
phuric acid, mixed with decomposition products, separates out as 
an oily liquid. This, when washed with water and neutralized, 
gives salts which in their rotatory power are different from those 
obtained from the amyl-sulphuric acid which the water has dis- 
solved. In this way, not only a levo-, but also a dextro-active 
salt is obtained, and also the corresponding alcohols. The com- 
position of these salts is the same. (3) Distillation of commercial 
amyl alcohol with sodium hydrate in excess gives an optically 
active dextro-rotatory alcohol. (4) The rotatory power of the 
radical C,;H,, is in barium amyl-sulphate five times as great as 
under otherwise equal conditions it is in the alcohol prepared 
from these salts.—~/. pr. Ch., Il, viii, 272. G. F. B. 

7. A new Synthesis of Alcohols.—W aGNer and SaytTze¥FF have 
obtained an amyl alcohol by the action of a mixture of ethyl 
iodide and zinc upon ethyl formate. Judging from the mode of 
its formation, they consider it to be a secondary alcohol, probably 

C,H, 
diethyl] carbinol C Wee. 

OH 
ing this product and aiso the products obtained by employing the 
iodides of the other alcohol radicals. They are investigating, in 
addition, the action of the organic zinc compounds on the ethers 
of the fatty series generally— Ber. Berl. Chem. Ges., vi, 1542, 
Jan., 1874. G. F. B. 

8. On Coerulignone.—About a year ago, Liebermann discov- 
ered a remarkable blue substance under the above name, obtained 
from the crude pyroligneous acid of beech wood. As it yielded a 
colorless crystalline body on reduction, he suggested that it was 
derived from this body, probably a phenol, existing in the acid. 
Hormann has recently confirmed this prevision. Having received 
some of the last portions of the distillate of beech wood naphtha, 
in the form of a brown oil, he separated from it a colorless liquid 
boiling at 270°, having a strong creosote odor and giving crystal- 
line salts with the fixed alkalies and with ammonia. In contact 
with potassium dichromate, it at first turned brown, and then 
solidified to a mass of violet crystals, having all the properties of 
coerulignone. An analysis of the crystals gave for them the for- 
mula C,,H,,O,, Further researches upon it are in progress.— 
Ber. Berl. Chem. Ges., vii, 78, Jan., 1874. G. F. B 

9. Elongations due to Electricity —Mr. H. Srretnrz has con- 
ducted a series of experiments on the change of length of bars of 
various metals, when traversed by electric currents. The change 
in length is measured by levers and mirrors, in which the reflec- 
tion of a graduated scale is viewed with a telescope. To elimin- 
ate the effect due to the increase of temperature produced by the 
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current, the bar was covered with stearine, and the strength of the 
battery so adjusted that the point of fusion should be just attained. 
The current was then broken and the measurement repeated at 
the same temperature by immersing the wire in a bath of melted 
stearine. From these observations he obtains the following con- 
clusions :— 

ist. The galvanic current produces no other modification in the 
elasticity of a conducting wire than that due to the elevation of 
temperature produced. 

2d. Under the action of the current, the conductor expands 
more than when it is brought to the same temperature without 
the current; tempered steel alone forms an exception to the rule. 

3d. The galvanic dilatation does not show itself at the very in- 
stant when the current is closed, but gradually, like the expansion 
produced by heat. 

4th. The galvanic dilatation does not appear to be the conse- 
quence of an electro-dynamic repulsion, but results rather from a 
heat polarization or change of plane (orientation) of the vibrations 
of heat. 

The ratio of the expansions produced by heat and electricity 
equals for platinum, "25; for copper, ‘15; for soft iron, ‘22; for 
hard iron, 13; and for hardened steel, in one case —‘01.— Bibl. 
Univ., 194, p. 143. E. ©. P. 

10. Selenium Photometer.—The Rosse has made some 
experiments ou the changes which take place in the electrical re- 
sistance of selenium, when exposed to light, to see how far these 
variations may be due to changes of temperature. He exposed a 
bar of selenium to the light of a candle, at a distance of four 
inches, and found its resistance diminished 24 per cent. A vessel 
of hot water nine inches in diameter, and placed at a distance of 
seven inches, produced no perceptible effect. On the other hand, 
a thermopile and Thomson’s galvanometer gave in the first case a 
deflection of 315 divisions, and in the second 136, when the water 
was thirteen inches distant. The effect of the candle on the flame 
was next determined when a plate of glass was interposed; the 
effect was slight, the diminution in resistance being 90 per cent of 
what it was before. The thermopile, on the other hand, showed 
that but 48 per cent was transmitted. A solution of alum inter- 
posed in the same way gave 95 per cent by the selenium, and only 
7 per cent by the thermopile. Having thus shown the com- 
parative if not absolute insensibility of selenium to radiant heat 
of low refrangibility, and that therefore it could not replace the 
thermopile, he proceeded to determine the law of the change in 
resistance with variations of the light. In the following table 
the columns marked I. give the distance of the light in inches; 
those marked D. the corresponding decrease in resistance in per- 
centages, 
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The presence of moisture rendered the effect feeble and uncertain, 
probably owing to the deposit of a very slight film of moisture on 
the surface of the bar.— Phil. Mag., xlvii, 161. E. Cc. P. 

11. Acoustic Transparency and Opacity of the Atmosphere.— 
Prot. TyNpa.t, in a recent lecture at the Royal Institution, de- 
seribes some experiments on the comparative ease with which 
sounds are transmitted through the air on different days. Various 
sounds were employed, large trumpets or horns sounded by steel 
reeds, whistles like those of a locomotive, and cannon. The observ- 
ers on board of a steamer moved to and fro until the limit of au- 
dibility was reached. The following are a portion of the results 
obtained. 

May 19th. Wind strong. At two miles the whistles became so 
faint as to be useless as fog-signals; at three miles the same was 
true of the horns; at four miles neither could be heard. 

May 20th. At three miles whistles inaudible; faint sound of horn 
heard at six miles. Going out a little further, an 18—pounder was 
fired with a three pound charge, and was distinctly heard. Even 
at 9°7 miles a similar sound was faintly audible. This would seem 
to prove the complete superiority of cannon over horns as fog-sig- 
nals; but on other days this result was completely reversed. 

June 3rd was dark and threatening, with a faint haze in the air, 
but the horns were audible at nine miles. A heavy rain-shower 
approached, but its presence produced no effect on the sounds. 

July 3rd was a lovely morning, with the air calm and sea smooth. 
At 3} miles nothing was heard; at two miles the howitzer and 
mortar were barely audible, and the 18—pounder unheard. In the 
afternoon a cloud covered the sun, when at 33 miles the guns were 
faintly audible. Asit grew later, the sounds became more audible, 
so that at 7% miles they were easily heard. The master of the 
Varne lightship, 12? he distant, after 5 rp. M. heard the sounds, 
even the whistles, distinctly. Accordingly at 12 miles the sounds 
were more audible in the evening than at two miles in the day ; 
the mere presence of a cloud and lowering of the sun, increased 
the acoustic transparency of the atmosphere forty times. 

The explanation of these curious effects is found in the observa- 
tions of Humboldt at the Falls of the Orinoco, which he found 
three times louder by night than by day, notwithstanding the 
greater noise of beasts and insects at that time. He accounted for 
it by the unequal density of the air, caused by the heating of the 
rocks scattered over the plain between him and the falls. He found 
that the rocks became 30° hotter than the surrounding grass, and 
hence formed the base of a column of hot air, from the surface of 
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which continual reflections of the sound-wave took place. In the 
same way, at sea the heat of the sun produced copious evaporation 
and the vapor in rising would mix irregularly with the air, which 
would reflect the sound like the columns of hot air. 

It thus appears that on a perfectly calm day a stratum of air 
three miles thick is capable of stifling both the cannonade and fog 
sounds. All the observations point to the mixture of air and aque- 
ous vapor as the cause which could fill the air with an acoustic 
cloud on a day of the most perfect optical transparency. If this 
explanation is correct, the sound cut off by the vapor should be 
reflected, thus producing an echo, a result fully verified by observa- 
tion. Still more marked effects were obtained with a Brown’s 
steam syren. The morning of October 8th was remarkably clear ; 
at 54 miles the horns were heard feebly, the syren clearly. In the 
afternoon it clouded up, rained and hailed with almost tropical vio- 
lence. In the midst of this furious squall both horn and syren 
were heard, and when the shower lightened, thus lessening the lo- 
cal pattering, the sounds so increased that at 74 miles they were 
more audible than before the shower at five miles. This observa- 
is utterly opposed to the statement of Durham and others, regard- 
ing the stifling influence of falling rain on sound. 

On Dee. 10th, during a dense fog, some experiments were made in 
London of a similar nature. Sounds were then heard at double 
the distance, as distinctly as on Dec, 13th, when the fog was re- 
placed by a slight haze. 

Finally, to imitate these effects experimentally, an instrument 
was devised by Mr. Cottrell, consisting of a long box through which 
25 sheets of coal gas could be made to ascend, and between them 
descending films of carbonic acid. At one end of the box was 

laced an electric ball in a padded box, with a single opening in 
it. At the other end was a funnel with a sensitive flame opposite 
its small end. When the box contained air only, at each stroke of 
the bell the flame responded, so that its length was greatly less- 
ened and emitted a musical roar when the bell sounded continually. 
When now the gases were admitted, the sound was completely cut 
off by reflection from the interposed surfaces, so that the flame 
remained perfectly tranquil.— Nature, ix, 251, 267. Ec P. 

12. Reflection of Sound by Flame.—Mr. Cotrre tt has recently 
performed some experiments of the division of sound by a layer 
of flame or heated gas into a reflected and transmitted portion. 
A vibrating bell contained in a padded box was directed so as to 
propagate a sound-wave through a tin tube, and its action rendered 
manifest by its causing a sensitive flame, placed at a distance in 
the direction of the sound-wave, to become violently agitated. 

The invisible heated layer immediately above the luminous por- 
tion of an ignited coal-gas flame, issuing from an ordinary bats- 
wing burner, was allowed to stream upward across the end of the 
tin tube from which the sound-wave issues. A portion of the sound- 
wave issuing from the latter was reflected at the limiting surfaces 
of the heated layer; and a part being transmitted through it, was 
now only competent to slightly agitate the sensitive flame. 
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The heated layer was then placed at such an angle that the re- 
flected portion of the sound-wave was sent through a second tin 
tube (of the same dimensions as the above), and its action rendered 
visible by its causing a second sensitive flame, placed at the end 
of the tube, to become violently affected. This action continued 
so long as the heated layer intervened; but upon its withdrawal, 
the first mentioned sensitive flame, receiving the whole of the direct 
pulse, became again violently agitated, and at the same moment 
the second sensitive flame, ceasing to be affected, returned to its 
former tranquility.— Wature, ix, 334. E. C. P. 
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1. On Mountain Sculpture in the Sierra Nevada, and the 
method of glacial erosion; by E 8S. Carr.—After speaking of 
the divisional planes in the granites of the Sierra Nevada, Prof. 
Carr remarks as follows.—The greatest check to the free play and 
controlling power of these divisional planes is the occurrence, in 
immense numbers and size, of domes, cones, and round wave-ridges, 
together with an innumerable brood of modified forms and com- 
binations. The curved cleavage which measures and determines 
these rounded forms may be designated the dome cleavage, inas- 
much as the dome is apparently the most perfect typical form of 
the group. 

Domes of close-grained siliceous granite are admirably calculated 
to withstand the action of atmospheric and mechanical forces. 
No other rock-form can compare with it in strength; no other 
offered so unflinching a resistance to the tremendous pressure of 
the glaciers. A dam of noble domes extends across the head of 
Yosemite Valley, from Mount Starr-King to North Dome, which 
was effectually broken through by the combined force of the 
Hoffman and Tenaya glaciers; but the great South Lyell glacier, 
which entered the valley between Starr King and Half Dome, was 
unable to force the mighty barrier, and the approach of the long 
summer which terminated the glacial epoch found it still mazing 
and swedging compliantly among the strong unflinching bosses, 
just as the winds are compelled to do at the present time. 

The Starr-King group of domes is perhaps the most interesting 
of the Merced basin. The beautiful conoid, Starr King, the loftiest 
and most perfect of the group, was one of the first to emerge from 
the Glacial sea. 

There appear to be no positive limits to the extent of dome 
structure in the granites of the Sierra, when considered in all its 
numerous modifications. Rudimentary domes exist everywhere, 
waiting their development, to as great a depth as observation can 
reach. The western flank was formerly covered with slates, which 
have evidently been carried off by glacial denudation from the 
middle and upper regions; small patches existing on the summits 
and spurs of the Hoffman and Merced Mountains are all that are 
now left. When a depth of two or three thousand feet below the 

Am. JouR. ne Series, Vou. VII, No. 41.—May, 1874. 
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bottom of the slates is reached, the deme structure prevails almost 
to the exclusion of others. As we -cvceed southward or north- 
ward along the chain from the region adjacent to Yosemite Valley, 
dome forms gradually become less perfect. bs 

Glacial erosion.—No matter how abundant the glacial force, 
a vertical precipice can not be produced unless its cleavage be ver- 
tical, nor a dome without dome structure in the rock acted upon. 
Therefore, when we say that the glacial ice-sheet and separate 
glaciers molded the mountains, we must remember that their 
molding power upon hard granite possessing a strong physical 
structure is comparatively slight. In such hard, strongly built 
granite regions, glaciers do not so much mold and shape as dis- 
inter forms already conceived and ripe. The harder the rock, and 
the better its specialized cleavage planes are developed, the 
greater will be the degree of controlling power possessed by it 
over its own forms, as compared with that of the disinterring gla- 
cier; and the softer the rock and more generally developed its 
cleavage planes, the less able will it be to resist ice action and 
maintain its own forms. In general, the grain of a rock determines 
its surface forms ; yet it would matter but little what the grain 
might be—straight, curved, or knotty—if the excavating and 
sculpturing tool were sharp, because in that case it would cut 
without reference to the grain. Every carpenter knows that only 
a dull tool will follow the grain of wood. Such a tool is the gla- 
cier, gliding with tremendous pressure past splitting precipices 
and smooth-swelling domes, flexible as the wind, yet hard-tempered 
as steel. Mighty as its effects appear to us, it has only developed 
the predestined forms of mountain beauty which were ready and 
waiting to receive the baptism of light.— Overland Monthly, 
May, 1874. 

2. Note on the recent Volcanic Action in Hawaii; by T. Coan, 
from a letter to J. D. Dana, dated Hilo, Hawaii, Jan. 6th, 1874.— 
You are aware that the great summit crater of Mauna Loa, 
Mokuaweoweo, has, for a number of years, shown but few and 
feeble symptoms of activity, until the past year. For a few days 
in August, 1872, there was a brilliant light in the crater; and 
again on the 6th and 7th of J an., 1873, there were vivid demon- 
‘strations, which roused the attention of many witnesses. But it 
was not until the 20th of April, 1873, that a continuous exhibi- 
tion of mountain pyrotechnics commenced. From that day to 
the present, now almost nine months, the action within the great 
cauldron has not remitted. Most of the time the boiling has been 
vehement, and the scene was never more brilliant than a few 
nights ago. Sustained jets of molten-rock were constantly — 
50 to 200 feet within the mural caldron, and the surgings, pu 
ings and roarings have been heard low down the sides of the 


mountain, and, as some testify, as far as Reed’s Ranch, probably © 


fifteen miles. 
But the great marvel of this eruption is its duration. We have 
seen nothing like it before in this crater. The eruption of 1855-6 
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flowed fifteen months; but,.this rent the mountain laterally and 
flowed longitudinally ; whu..*s the present eruption has, as far as 
we know, made no lateral veut and found no outlet. The action 
is vertical, and it is simply a gigantic mountain-pot of boiling 
lavas. 

Can you tell what sustains these Plutonic fires, and lifts those 
burning columns and agitates that fiery abyss at the height of 
nearly 14,000 feet? What are the forces which move or shake 
with so terrific power the foundations beneath us ? 

Kilauea, during all this time, has been unequally active. Some- 
times the action has been intense and the illuminations brilliant ; 
and again Madam Pele has been quiet. 

But the great depression in Kilauea, caused by the eruption of 
1868, is fast filling up by repeated overflows from the south lake, 
while, all around that lake,-a vast mound is rising, whose summit 
is nearly as high as the southern rim of Kilauea, and it may soon 
overlook it. 

3. On the Mineral resources and Geology of the State of Quere- 
taro, Mexico; by SrNor Mariano Barcena. A memoir (in 
Spanish) presented to the Director of the School of Engineers, 
Mexico, and published under the direction of the Minister of Jus- 
tice and Public Instruction. 28 pp. 4to. Mexico. 1873.—After 
describing the mineral localities of Queretaro, which include mines 
of gold, cinnabar, native silver and tetrahedrite, galena and man- 
ganese ore, besides the opals mentioned in a former number of 
this Journal, Sefior Barcena in his valuable memoir treats of the 
geology and physical geography of the State. He distinguishes 
three formations, the Cretaceous, Tertiary and Quaternary. The 
Cretaceous extends across the State from east to west, and con- 
tains fossils of the genera Crania, Hippurites, Nerinea, and other 
Cretaceous forms. The occurrence of these Cretaceous beds 
shows that the region of the Sierra Gorda was submerged dur- 
ing that period. The trachytic rocks of the State belong for 
the most part to the Tertiary period. 

Remains of the Mastodon and Elephant occur in the Quaternary 
of the valleys. Following the geological chapters are others on 
the Archeology, Flora and Fauna, Statistics and History of the 
State. 

It is much to be desired that the work ,which Sefior Barcena has 
so ably performed for Queretaro, should be extended by others 
over all the Mexican States. 

4. Report of Progress of the Geological Survey of Canada, 
Jor 1872-1873 ; Atrrep C. Sretwyn, F.G.S., Director. 300 pp. 
8vo. Montreal, 1873. (Dawson Bros.)—This volume contains 
Reports by Mr. Selwyn, the Director of the Survey, J. Richardson, 
Dr. Dawson, Mr. E. Billings, Dr. Harrington, Mr. Robert Bell, 
Mr. McQuat, Mr. H. G. Vennor; on part of New Brunswick, by 
Prof. Bailey and Mr. Matthew ; on the coal mines of Cape Breton 
by Mr. Charles Robb. Mr. Selwyn, in his notes on a Geological 
Reconnaisance from Lake Superior to Fort Garry, remarks respect- 
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ing the so-called (on lithogical grounds) Huronian Rocks observed 
on the route between Lac des Mille Lacs and Separation Lake, 
and thence via Sandy Lake to the Lake of the Woods, resemble as 
closely the chloritic, epidotic, and dioritic strata of the altered 
Quebec group as they do those which on the shores of Lakes Huron 
and Superior are referred to the Huronian series; and that a sim- 
ilar series of rocks about Lakes Mistassini and Abbitibbe, over- 
lying the Laurentian ge (like the others), are also probably of 
the Quebec group. Mr. Billings found that the Mistassini ser- 
pentinous limestones contain corals related to Tetradium; and 
the rocks of Abbitibbe are so closely like those of the former 
place that they are probably of the same formation. This being 
so, Mr. Selwyn remarks that “it becomes an interesting question 
in what way they are related to the Huronian series of Lakes 
Huron and Superior.” 

The report by Mr. Richardson, with those on the fossils of the 
coal beds of Vancouver’s Island and vicinity, are of great interest. 
Mr. Richardson states that on Vancouver’s Island the productive 
Coal-measures, (1) 9394 feet thick, are overlaid by (2) lower shales, 
1000 feet in thickness; (3) lower conglomerate, 900 feet; (4) 
middle shales, 76 feet; (5) middle conglomerate, 1100 feet; (6) 
upper shales, 776 feet ; (7) upper conglomerate, 320 feet. Numbers 
2 and 4 contain Ammonites, Baculites, Inocerami and other Cre- 
taceous species ; and numbers 6 and 7 contain Belemites. 

5. Texas Geological Survey.—The State of Texas has ordered a 
Geological and Agricultural Survey, placing it in charge of Prof. 
S. B. Buckley. Prof. Buckley has appointed Prof. Cousins as 
chemist of the survey, Prof. Burleson as first assistant geologist, 
and Mr. C. E. Hall, son of Prof. James Hall, as assistant in the 
paleontological department. 

6. Annual Report of the State Geologist of New Jersey for 
the year 1873.—This Report on the progress of the Survey during 
the past year consists largely of various matters of economic 
importance, such as the drainage of some tracts of land on the 
Passaic and Pequest Rivers. Its chief geological interest lies in 
the description of the Archean rocks and the mines of magnetic 
iron ore occurring in them. The Archean region is subdivided 
into four belts running across the northern part of the State in a 
northeasterly direction (strike N. 43° E.). The prevailing rock is 
a syenitic gneiss, either vertical or dipping to the southeast, with 
white crystalline limestone occurring largely in the Passaic and 
Pequest belts (the first and fourth from the south). Especial atten- 
tion has been devcted to the iron mines, upward of 150 of which 
are described, some of them with considerable detail; numerous 
analyses of the ore add to the value of the rest. A well executed 
map in two sheets represents clearly the four belts of Archean 
alluded to, and is particularly interesting as giving a good idea 
of the relative positions and number of the outcrops of iron ore. 

7. Petrographische Studien an den Basaltgesteinen Bihmens ; 
Dr. E. Boricxy. Prag., 1873 (Arbeiten der geolog. Abtheilung der 
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Landesdurchforschung von Béhmen, II Th.).—The researches of 
Boricky extend over the whole range of basaltic eruptions in 
northern Bohemia, embracing some 300 localities. The memoir 
contains descriptions of all the important varieties, based upon an 
examination of 800 microscopic sections, and these are supple- 
mented by eight beautiful colored plates representing sections of 
crystals and similar matters. The chemical side of the subject 
has also received due attention, as the large number of analyses 
show, and in addition to this many other, matters of interest are 
discussed. One of the most interesting chapters is upon the Para- 
genesis of the secondary minerals of the basalts, 

The author distinguishes the following varieties of the basalts : 
I, Magmabasalt ; II, Nephelinbasalt; III, Leucitbasalt; IV, Feld- 
sparbasalt; V, Trachybasalt; VI, Tacylybasalt. 

8. Ueber die Verbreitung des Kali und der Phosphorsdure in 
den Gesteinen Bihmens, Dr. E. Boricxy. Prag., 1872.—The 
author gives a considerable number of analyses of the different 
classes of rocks in Bohemia, and discusses their relation to agri- 
cultural matters through the potash, or phosphoric acid, contained. 

9. Das Elbthalgebirge in Sachsen ; von Dr. H. B. Gernirz.— 
The fourth volume of the second part of this great work has just 
been published. It contains the Foraminifera, Bryozoans, and 
Ostracoids of the Pliner, by Dr. Aug. Ritter von Reuss. The 
text is accompanied by nine plates. 

10. Proceedings of the California Academy of Sciences.—The 
first volume of the Proceedings of the Academy, containing a 
number of valuable original papers, has been reprinted, and a com- 
plete series of the publications of the Academy may now be had. 

11. On Unakyte, an epidotic rock from the Unaka range, on the 
borders of Tennessee and North Carolina; by F. H. Brav.ey. 
(Communicated.)—This name is proposed for a member of the 
granitic series, from the Great Smoky Mountains, a portion of the 
Unaka range of the Blue Ridge, which range forms the boundary 
between Tennessee and North Carolina. The specimens thus far 
seen are from the slopes of the peaks known as “The Bluff,” 
“ Walnut Mountain,” and “ Max’s Patch,” in Cocke County, Tenn., 
and Madison County, N.C. The rock is said to occur also in 
Yancey County, N. C., but in a comparatively inaccessible region. 

The character relied upon for the separation of the species is the 
constant replacement of the mica of common granite, or the horn- 
blende of syenite, by epidote. The amount of this ingredient pre- 
sent is quite variable, in some cases even exceeding one-half of 
the whole mass. The feldspar present is orthoclase, of various 
shades of pink, forming from one-fourth to perhaps one-third of 
the whole. The quartz is mainly white, but occasionally smoky : 
its isolated portions form but a small pars, say one-fourth, of the 
mass: it is veined in structure, but this is probably not a con- 
stant character, Small grains of magnetite are scattered through 
the rock, but not so thickly as in many granites. No other ingre- 
dients have as yet been detected. Mr. G. W. Hawes has deter- 
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mined the specific gravity at 2°79. The rock is very compact and 
takes a high polish, and will doubtless prove to be a valuable 
material for ornamental architecture. 

The deep weathering of all the rocks of the Southern Appala- 
chians has caused the covering of most of these mountain slopes 
with deep beds of debris, which conceal most of the solid out- 
crops; and the dimensions of the bodies of unakyte are therefore 
as yet unknown. Apparently forming part of the same series, 
_there are heavy beds of specular iron-ore ; and the whole series is 
referred with little doubt to the Archean age. 

12. Analysis of “ Novaculite,” or “ Ouachita Whetstone,” from 
Hot Springs, Arkansas ; by Mr. C. E. Wart.—A very pure, 
snowy-white specimen of this beautiful material, which has been 
fairly described by Dr. D. D. Owen in his “Second Geological 
Report on the State of Arkansas,” as “equal in whiteness, close- 
ness of texture, and subdued waxy luster, to the most compact 
forms and white varieties of Carrara marble,” of sp. gr. 2°649, 
proved to consist of; Silica 99°635 (by diff.), alumina 0°113, magnesia 
0°087, sodium oxide 0°165, potassium oxide, trace; iron, trace 
= 100-000. The silica, or at any rate nearly all of it, appears to 
be in the crypto-crystalline, not in the amorphous or opaline form, 
as on boiling for three minutes with a twenty per cent solution of 
sodium hydrate but 1°63 per cent of the mineral was dissolved, and 
thirty minutes’ boiling only led to 3°56 per cent being taken up. 
—From Notes of work by Students of Practical Chemistry, in the 
Laboratory of the University of Virginia, Chemical News, 
Nov. 29, 1873. 

13. Note on Pickeringite from Missouri, (in a letter to one of 
the editors, from G. C. BroapHEap, State Geologist of Missouri, 
dated St. Louis, Mo., March 3, 1874.)—The Pickeringite occurs in 
efflorescences on sandstone of the Lower Coal-measures in Barton 
County, Mo. An analysis by the chemist of the Geological Sur- 
vey, Mr. R. Chauvenet, gives the following for its composition: 
Sulphuric acid 33°77, alumina 16°58, magnesia 2°92, water 44°64= 
99°91. This nearly corresponds with the composition given for 
“ Pickeringite” on page 653 of Dana’s Mineralogy. 

14, Synopsis of the Flora of Colorado ; by Tuomas C. PorTER 
and Joun M. Covtter. Washington, eit 20, 1874. 8vo, pp. 
180.—A prefatory note by Dr. F. V. Hayden states that this is 
“intended to be a type of a series of handbooks of different 
branches of natural history . . . . for the use of students all over 
the country.” In the proper preface, which takes the form of a 
“Letter to the geologist-in-charge,” Prof. Porter enumerates the 
various collections on which the work is based, as Parry’s, Hall 
and Harbour’s, Bell’s, Hayden’s, Brandegee’s, Porter’s, Coulter’s, 
etc.; but omits Dr. Vasey, whose collection was among the largest 
of all, although no list was published. ‘The plan followed in the 
Synopsis is that of Mr. Watson in his excellent catalogue, vol. v 
of Clarence King’s Report,” giving characters of such orders, 
_ genera and species as are not included in the several floras of the 
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Cis-Mississippi region. After returning suitable thanks to the 
botanists m8 have aided the avthors of this Synopsis, the writer 
adds: “References to the authorities consulted and used are to 
be found at the proper places i. the body of the work.” The 
Synopsis enumerates about eieven hundred (1104?) flowerin 

plants, and about two hundred and eighteen cryptogams. Severa 

new species of phenogams are proposed, as Clematis Scottii, 
Astragalus Brandegei, Astr. scopulorum, Rosa Arkansana, 
Prigeron glandulosum, FE. Coulteri and Senecio renifolius, besides 
a couple of Mosses (by Mr. Lesquereux from Hall’s collection), 
and a Fungus by Mr. Peck. MHall and Harbour’s plants are 
generally referred to by numbers, and Parry’s are sometimes ; but 
a search through the pages of the Synopsis fails to discover any 
reference to Dr. Vasey’s collection. Among plants collected by 
Vasey in the mountains of Colorado, and altogether omitted in 
this Reto are Aster Canbyi Vasey (No. 262); Aplopappus 
lunceolatus, var. Vaseyi, Parry (No. 273), and Artemisia arbus- 
cula Nutt. (No. 308). The last two are described in Watson’s 
report, to which it will presently appear that the authors con- 
stantly turned for assistance. The characters given to the genera 
and species not contained in Gray’s and Chapman’s floras will be 
found exceedingly useful to students and collectors. Very many 
of the plants of Colorado have hitherto been described only in 
various rare and expensive works, or in the transactions of learned 
societies, so that ordinary students had practically no means of 
identifying their collections. It is much to be regretted, however, 
that the writers of this Synopsis have by no means made the 
“references to authorities consulted and used” which it is said in 
Dr. Porter’s letter that they have made. For example: the 
generic characters of Brickellia, Towunsendia, Macheranthera, 
Gutierrezia, Bigelovia, Aplopappus, Grindelia, Franseria, Helio- 
meris, Chenactis, Bahia, Tetradymia, Stephanomeria, Crepis, 
Macrorrhynchus, Orthocarpus, Monardella, Gilia, Collomia, 
Mirabilis, Abronia, Sarcobatus Calochortus, Lloydia, Leucocri- 
num, Vaseya,* Hriocoma, Pleuraphis and Beckmannia are taken 
with no alterations, save those incidental to inaccurate copying 
(e. g., Bahia), from Mr. Watson’s report, and with no word of 
acknowledgment in any instance. Even when, as in the cases of 
Cercocarpus, Cleome, Tellima, Gayophytum, Jamesia, etc., the 
reference ‘ Benth. and Hook.” is given, the writers have copied 
Bentham and Hooker only from Mr. Watson’s sometimes amended 
and always modified translations. To make this plainer yet: in 
Cercocarpus Bentham and Hooker say, “ cotyledones lineari- 
elongate, radicula ” Watson says, “elongated cotyle- 
dons, and inferior radicle.” The authors of the Synopsis copy 
Watson’s words here, as elsewhere, and indeed there is no evidence 
that they have ever even seen the original Latin! The same dis- 
ingenuous borrowing appears most copiously also in the specific 


* Vaseya comata Thurber; Colorado, Vasey No. 634. This species surely might 
have been credited to Vasey. 
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characters. To quote any considerable portion of the instances 
were a tedious task; the following examples will suffice. TZhlaspi 
alpestre, Claytonia Chumissonis, Cercocarpus parvifolius (an 
error in measurement is the only change), Sedum rhodanthum, 
Brickellia Californicu, Solidago Guiradonis and its variety, 
Solidago pumila, Franseria Hookeriana, Antennaria alpina, ete. 
These are examples of exact copying. The instances where the 
copying is as real, though the wording is slightly varied, are much 
more numerous, One cannot but wish, for the honor of American 
Botany, that when Dr. Porter said that “the plan followed in the 
Synopsis is that of Mr, Watson,” he had added, “ and much of the 
descriptive matter is also taken from the same work.” 
Danrex C, Eaton. 
New Haven, April 3d, 1874. 


That the principal collaborator in Mr. Watson’s volume should 
call attention to the scanty acknowledgement of the free use made 
of it is natural. That volume is a model in its way, and cost an 
amount of faithful labor (to say nothing of talent) which only 
those who do that kind of work can fully appreciate. The use 
made of it in the synopsis above noticed was natural and proper 
enough. That the lack of adequate reference to it in the brief 
preface was unintentional on Professor Porter’s part, we were 
perfectly confident. The assurance received from him that it was 
@ pure inadvertance is accompanied by the expression of sy “ sin- 
cere regret.” 

15. On the amount of pressure in the sap of Plants ; ‘e Prof, 
W. S. Crarke, of Amherst. (Eleventh Annual Report of the 
Massachusetts Agricultural College, January, 1874.)—It only re- 
mains to state in a few words the results obtained by the applica- 
tion of mercurial gauges to the sugar-maple, the black-birch and 
the grape-vine. Observations were made on one or more gauges 
several times daily, and occasionally every hour of the day and 
night, from the Ist of April to the 20th of July. 

A gauge was attached to a sugar-maple, March 31st, which 
was three days after the maximum flow of sap for this species, 
so that further observations are required earlier in the season to 
complete the record and determine with certainty the maximum 
nes which it exhibits in the spring. Of the record made, the 
ollowing facts are specially interesting: first the mercury was 
subject to constant and singular oscillations, standing usually in 
the morning below zero, so that there was indicated a powerful 
suction into the tree, and rising rapidly with the sun, until the 
outward pressure was sufficient to sustain a column of water 
many feet in height. Thus at 7 a. m., April 21st, there was a suc- 
tion into the tree sufficient to raise a column of water 25:90 feet. 
As soon as the morning sun began to shine on the tree, the mer- 
cury suddenly began to rise, so that at 9.15 a. M. the pressure out- 
ward was enough to sustain a column of water 18°47 feet high, a 
change represented by more than 44 feet of water. On the 
morning of April 22d the change was still greater, requiring for 
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its representation 47°42 feet of water. These extraordinary fluc- 
tuations were not attended 7 any peculiar state of the weather, 
and happened twelve days before there were any indications of 
growth to be detected in the buds. These observations are be- 
lieved to be quite new, and as yet inexplicable, but will receive 
further attention another spring. 

The maximum pressure of the sap for the season was observed 
at 10 a. m., April 11th, and was equal to sustaining a column of 
water 31°73 feet high. This was an excellent sap-day, consider- 
ing the lateness of the season. There was noticed a general cor- 
respondence between the flow of sap in other maples and the pres- 
sure on the gauge. 

After April 29th the mercury remained constantly below zero, 
day and night. During the month of May there was a uniform 
suction equal to about eight feet of water, and the unaccountable 
feature of this fact is, that though apparently produced by exhala- 
tion from the expanding leaves, it remained the same, day and 
night, for several weeks. In June the suction gradually lessened, 
and finally disappeared, the mercury standing steadily at zero. 

On the 20th of April two gauges were attached to a large black 
birch, one at the ground and the other thirty feet higher. The 
next morning at six o’clock the lower gauge indicated the aston- 
ishing pressure of 56°65 feet of water, and the upper one of 26°74 
feet. The difference between the indications of the two gauges 
was thus 29°92 feet, while the actual distance between them was 
30°20 feet, so that it corresponded almost exactly as if they were 
connected by a tube. In order to learn whether the same princi- 
ple would prevail if the upper gauge was moved, it was raised 
twelve feet higher. The same correspondence continued through 
nearly all the observations of the season, notwithstanding the 
gauges were separated by 42°20 feet of close-grained birch-wood. 

At 12.30 p. m., April 21st, a hole was bored into the tree on the 
side opposite to the lower gauge, and at the same level. Both 
gauges at once began to show diminished pressure, while sap 
issued freely from the orifice. In fifteen minutes, one pound of 
sap having escaped, it was found that both gauges had fallen 
equal to 19°27 feet of water. Upon closing the hole the gauges 
rose in ten minutes to their previous level, showing that the root- 
lets had re-absorbed in that brief period the sap which had 
escaped from the tree, notwithstanding the enormous pressure 
already existing. 

A stopcock having been inserted into the hole opposite the 
lower gauge, it was found that the communication between it and 
the two gauges was almost instantaneous, which appears to prove 
that the tree was entirely filled with sap, exerting its pressure in 
all directions as freely as if standing in a cylindrical vessel more 
than sixty feet in height, as indicated by the lower gauge. The 
sap-pressure continued to increase until, on the 11th day of May, 
it represented a column of water 84°77 feet in height, which is 
believed to be the highest pressure of vegetable sap ever before 
recorded, 
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The buds of the birch now began to expand, the pressure of the 
sap to diminish, and the oscillations of the mercury to become 
more decided and regular than before. The upper gauge ceased 
to vary May 14th, remaining stationary at zero. The lower one 
declined slowly and varied greatly, but did not fall below zero 
until May 18th. On May 27th it also became stationary at zero. 
The suction manifested by the birch was very little, never exceed- 
ing nine feet of water, and continued only for a few days. 

To determine, if possible, whether any other force than the vital 
action of the roots was necessary to produce the berg es J 
phenomena described, a gauge was attached to the root of a blac 
birch-tree, as follows: The tree stood in moist ground at the foot 
of the south slope of a ravine, in such a situation that the earth 
around it was shaded by the overhanging bank from the sun. A 
root was then followed from the trunk to the distance of ten feet, 
where it was carefully cut off one foot below the surface, and a 
piece removed from betv en the cut and the tree. The end of 
the root thus entirely detached from the tree, and lying in a hori- 
zontal position at the depth of one foot, in the cold, damp earth, 
unreached by the sunshine, and for the most part unaffected by 
the temperature of the atmosphere, measured about one inch in 
diameter. To this was carefully adjusted a mercurial gauge, 
April 26th. The pressure at once became evident, and rose con- 
stantly with very slight fluctuations, until, at noon on the 30th 
of April, it had attained the unequaled height of 85°80 feet of 
water. This wonderful result showed that the absorbing power 
of living birch rootlets, without the aid of any of the numerous 
helps imposed upon them by ingenious philosophers, such as ex- 
halation, capillarity, oscillation, dilatation, contraction, etc., was 
quite sufficient to account for the most essential of the curious 

henomena connected with the circulation of sap. Unfortunately, 
in an attempt to increase the capacity of the gauge, the bark of 
the root was injured, and this most interesting experiment termi- 
nated. There can be little doubt that future trials, carefully con- 
ducted with suitable apparatus, will achieve even more marvel- 
ous results. 

The original experiment of applying a mercurial gauge to the 
grape-vine, first tried by Rev. Stephen Hales, of England, one 
hundred and fifty years ago, was repeated, May 9th, and a pres- 
sure of 49°52 feet of water obtained, May 24th. This is six and a 
half feet higher than was observed by Hales. The peculiar fea- 
tures of the pressure of the vine-sap are: its lateness in the sea- 
son; its apparent independence of the weather; its uniform and 
moderate rise, day and night, to its maximum; its very gradual 
decline to zero without any marked oscillations, and its constant 
and almost unvarying suction of from 4°5 to 6°5 feet of water, 
manifested from June 20th to July 20th, when the observations 
ceased. 
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1. The newly discovered Crater of Maui. (From a letter of T. 
M. ALEXANDER to the editor of the Hawaiian Gazette, dated Dec. 
3, 1873.)—In surveying the district of Kahakuloa on West Maui, 
I recently discovered volcanic phenomena, quite remarkable for 
any of our islands except Hawaii. I ascended the mountain two 
miles west of Waihee, along the sharp crest of the western ridge 
of Makamaole Valley. At about half way to the summit, I found 
a crater the size and depth of that of Diamond Head, called 
Keahikano. The sides within and without were covered with the 
usual vegetation of our mountains, mantled over all the trunks 
and branches with thick elegant mosses, and interspersed with a 
few palm trees. The bottom of the crater and the greater part of 
the mountain above to the summit were overspread with a thick 
spongy moss, so saturated with moisture that every tread of the 
foot would press out a pint of water. Little pools of water ten 
or fifteen feet in breadth were also very numerous over this place 
and the upper portion of the mountain. Silver sword plants, 
strange ferns, violets, a species of daisy, and splendid lobelias, 
were abundant. But what especially attracted my attention was 
a pit in the center of the crater, extending fifty by one hundred 
feet, with its major axis nearly north and south, resembling the 
opening through which the violent eruption of lava poured forth 
twenty years ago on Mauna Loa. In the center of this was a 
rocky shaft, reaching to such a depth that pieces of wood thrown 
in were five seconds in falling, when they were heard to splash 
below. This was evidently the throat of an ancient volcano now 
choked with water. 

Ascending southwest, out of this crater, I crossed over a broad 
plateau, well named from its abundance of water, Kalaniwai, on 
which were many more such pits. I estimated that there were 
over seventy on the whole mountain. Above this plateau I came 
to another crater, of which I wish especially to speak. This crater, 
called Eke, is of about the size and depth of Punchbowl! crater, 
stretching from near the Waihee to the Hashes Valley, form- 
ing the terminal point of valleys for seven or eight miles of the 
coast, and the reservoir, as I was told, of the greater part of the 
streams of the Waihee, Kahakuloa and Honokahau Valleys. In 
this crater, situated in all parts of it, were nearly a score of vol- 
canic pits, not cones, but pits fifteen to fifty feet broad and ten to 
twenty feet deep, with shrubbery within concealing the chasms 
below. Passing around the northern brink, and near the Honoka- 
hau Valley, I was surprised to see a slender column of steam or 
smoke, rising from one of these pits. 1t was a cold, clear morning 
before sunrise, with a light south wind blowing, so that there was 
not a particle of cloud or fog upon the whole mountain to occasion 
such a phenomenon. Going near, I perceived that white fumes 
were indeed arising from a chasm through the shrubbery at the 
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end of the pit. There were four natives with me, whom I called, 
and who were as much astonished at the sight as myself. A few 
rods further toward the Honokahau Valley, I found a pit with 
two such columns of steam or smoke arising, one from each end, 
and beyond others; and at last two on the Waihee side of the 
crater, nearly a fifth of a mile from the first fuming chasm. I. 
counted in all six such columns of steam or smoke. I could not 
perceive any sulphurous odor to the fumes, nor much if any 
warmth to them. Very little lava was to be seen. A few basaltic 
columns appeared supporting the lower side of the crater; but the 
rock of the region was chiefly feldspathic, decomposing into a stiff 
white clay. 

I was inclined to suppose that these pits were connected with 
subterranean chambers heated by volcanic action; and that the 
air arising from these warm depths on a cold morning, if not 
already pervaded with smoke, was at least changed into fumes of 
steam. Very likely at the warmth of midday this phenomenon 
would not be seen. 

I am not aware that fumes like these have been seen arising out 
of craters on any of these islands excepting Hawaii. None has 
been seen in the evidently more recent crater of Haleakala. 

No white men have, to my knowledge, hitherto visited this 
region. I have as yet been unable to find any natives who have 
ever ascended to it, or who have ever known of its phenomena. 
There being no canoe-timber here, they have no occasion to ascend 
high up on the mountain. It is quite startling to some people 
here to learn that a volcano close by, apparently dead for over one 
thousand years, is still breathing. 

This whole region was evidently once the theater of very vio- 
lent action. Other hills above and below are extinct craters; 
while at the sea near Honokahau are many bluffs of black volcanic 
sand, similar to those thrown up thirty years ago in Puna, where 
a lava stream poured into the sea. It is interesting to imagine 
the ancient scene, when lava torrents were pouring down the 
slope of this mountain into the ocean, and when these numerous 
volcanic throats were volleying fire and screaming in concert. 

This region can be reached by the route by Makamakaole Val- 
ley, and also by ascending from Lahaina above Mount Retreat, 
then crossing the head of Honokahau, and thence descending the 
ridge between that valley and Waihee. But it is hardly safe to 
ascend so far up the mountain without preparation for erecting a 
shelter from rain and for spending a night, and excepting at times 
when light south winds have cleared away the fogs) * * * * 

By examining the craters of this region one can easily perceive 
how the deep valleys of our mountains may have been formed. 
When the almost bottomless chasms had become watercourses, 
and had at length by their whole depth worn through adjoining 
sides of the mountain, valleys would have been thus begun, deep 
almost as the depth of the mountain. This process is now seen in 
the wasting away of these craters. 
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2. The Polaris Voyage.—The Report of this Expedition, now 
issuing from the Government printing office at Washington, furn- 
ishes the following data to the N. Y. Tribune of March 3d. Dr. 
Bessels submitted a memorandum of the most important dis- 
coveries of the expedition. The results of the expedition may be 
summed up briefly as follows: 

(1.) The Polaris reached 82° 16’ N., a higher latitude than has 
been attained by any other ship. 

Capt. Buddington’s testimony is very definite as to the imprac- 
ticability of pushing the vessel further north than the point which 
they reached. 

(2.) The navigability of Kennedy Channel has been proved be- 
yond a doubt: 

(3.) Upwards of 700 miles of coast line have been discovered 
and surveyed : 

(4.) The insularity of Greenland has been proved; and 

(5.) Numerous observations have been made relating to astron- 
omy, magnetism, force of gravity, ocean physics, meteorology, 
zoology, ethnology, botany, and geology, the records of which 
were kept in accordance with the instructions supplied by the 
National Academy, and some of the results of which we propose 
briefly to enumerate. 

Great care was taken in determining a reliable meridian at 
Thank-God Harbor. Soon after entering winter quarters an 
observatory was.erected on the shore, thirty-four feet above mean 
sea level, and the transit instrument stationed there. The longi- 
tude of this station was determined by the observation of three 
hundred lunar distances ; a number of moon culminations; a great 
number of star transits; a number of star occultations; and a 
great number of altitudes of the sun on or near the prime vertical. 
Its latitude by the observation of a great number of circumme- 
ridian altitudes of the sun, and a number of altitudes of stars. 
All of these observations were lost, but a number of the results 
have been preserved which are sufficient to establish the position 
of this station. Besides the above-mentioned observations, twenty 
sets of pendulum experiments were made, which are saved, but 
the observations for time belonging to them are lost. 

The magnetic observations obtained were more complete than 
any others ever before made in the Arctic regions. ‘The instru- 
ments supplied were: One unifilar declinometer; one dip circle, 
with Lloyd’s needles; one theodolite, and several prismatic com- 
passes. The observations on variation of declination were regis- 
tered at Gottingen time, and were continued for five months. 
Readings taken hourly. Beside that, three term days were ob- 
served every month, according to the Gdttingen regulations, one 
of these term days corresponding with the day accepted by all 
the magnetic stations. Further, a number of observations were 
taken either with the theodolite or the prismatic compass. When- 
ever possible, the dip was observed, and several sets of observa- 
tions on relative and absolute intensity and of the moment of 
inertia were obtained. 
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Unfortunately there was not much opportunity for taking 
soundings. About twelve were obtained along the coast of Grin- 
nell Land, which prove that the hundred-fathom line follows the 
coast at a distance of about fifteen miles in Smith Sound. One of 
these soundings (ninety fathoms) proved highly interesting, con- 
taining an organism of lower type than the Bathybius discovered 
by the English dredging expedition. It was named Protoba- 
thybius Robesonii. A number of deep-sea temperatures were 
taken with corresponding observations on the density of the water. 
Following the coast of West Greenland, the limits of the Gulf 
Stream were ascertained. Specimens of water from different 
depths were preserved in bottles, but, unfortunately, lost. 

After having entered winter quarters, meteorological observa- 
tions, which up to this time had been made three-hourly, were 
made every hour, Washington time. The register contained 
observations on the temperature of the air, atmospheric pressure, 
psychrometrical observations, direction and force of wind, appear- 
ance of the sky, state of weather, and both solar and terrestrial 
radiation. Besides, all extraordinary meteorological phenomena 
were carefully noted. 

Special attention was devoted to the aurora borealis, which 
occurred frequently, but rarely showed brilliant colors, never 
bright enough to produce a spectrum. Whenever necessary, one 
observer was stationed at the magnetometer and the other out of 
doors, the former observing the motions of the magnet, while the 
other was watching the changes in the phenomenon and taking 
sketches. Although an electroscope and electrometer were set up, 
and the electrical condition of the atmosphere frequently tested, 
in no instance could the least amount of electricity be detected. 
The amount of precipitation was measured as carefully as the 
violent gales would permit, by means of a rain gauge supplied 
with a funnel. In February, as soon as the sun reappeared, ob- 
servations on solar radiation were commenced and continued 
throughout the entire summer. 

The collections of natural history are nearly entirely lost. 
With the exception of two small cases containing animals, mine- 
rals, and one package of plants, nothing could be rescued. The 
character of the fauna is North American, as indicated by the 
occurrence of the lemming and the musk-ox. Nine species of 
mammals were found, four of which are seals. The birds are 
represented by twenty-one species. The number of species of in- 
sects is about fifteen, viz: one beetle, four butterflies, six diptera, 
one bumble-bee, and several ichneumons, parasites in eaterpillars. 
Further, two species of spiders and several mites were found. 
The animals of lower grade are not yet ready for examination. 

The flora is richer than could be expected, as not less than 
seventeen phanerogamic plants were collected, beside three mosses, 
three lichens, and five fresh water alge. 

Although the formation of the Upper Silurian limestone, which 
seems to constitute the whole west coast north of Humboldt 
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Glacier, is very uniform, some highly interesting and important 
observations have been made. It was found that the land is ris- 
ing, as indicated, for instance, by the occurrence of marine ani- 
mals in a fresh-water lake, more than thirty feet above the sea- 
level and far out of reach of the spring tides. Wherever the 
locality was favorable the land is covered by drift, sometimes con- 
taining very characteristic lithological specimens, the identifica- 
tion of which with rocks in South Greenland was a very easily 
accomplished task. For instance, garnets of unusually large size 
were found in latitude 81°30’, having marked mineralogical char- 
acteristics by which the identity with some garnets from Fiskenaes 
was established. Drawing a conclusion from such observations, it 
became evident that the main line of the drift, indicating the 
direction of its motion, runs from south to north. 

3. The Principles of Science: A Treatise on Logic and Scien- 
tific Method ; by W. Strantxy Jevons, M.A., F.R.S,, Fellow of 
University College, London; Professor of Logic and Political 
Economy in the Owens College, Manchester. 2 vols. 8vo., pp. 
xvi, 463; vii, 480. London (Macmillan & Co.), 1874.—The first 
book of this very interesting work, occupying somewhat less than 
half of the first volume, is an exposition of the principles of Logic 
in its more recent developments. Following Boole, De Morgan, 
and others, the author discards the cumbrous structure of the 
ancient logic, with its awkward machinery and terminology, and | 
reduces the subject to the language of common sense. By the 
use of the principle of identity, the logical equivalent of the 
mathematical equality as expressed in equations, and by the appli- 
cation of his own fruitful and powerful method of substitution, the 
most varied kinds of propositions are made capable of expression 
by a symbolic notation of the utmost simplicity. The system is, 
at the same time, so comprehensive and flexible that it embraces 
with ease forms of argument which the narrow limits of the old 
logic could not be made to include. The new method renders the 
transformations of propositions, and their varied relations, so sim- 
ple and clear, that the old modes of discriminating and naming 
them, with the whole apparatus for converting the syllogism, the 
barbarous names, and mnemonic lines, fall away as a lifeless super- 
fluity. The whole science is thus greatly widened and extended, 
and while rendered more powerful as a guide in intellectual pro- 
cesses, is made practically useful. Other changes of similar effect 
and of great interest might be mentioned, but must be passed 
over for want of space. 

The remaining books treat of the logical principles involved in 
the different processes of scientific investigation and reasoning. 
The topics of the successive chapters will make evident the scope 
of the work, and its general character. Book II. treats of Num- 
ber, Variety, and Probability; Combinations and Permutations ; 
Inductive Inference ; Inductive or Inverse Application of the The- 
ory of Probabilities. Book III, Exact Measurement of Phenom- 
ena; Units and Standards of Measurement ; Analysis of Quantita- 
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tive Phenomena; the Method of Means; the Law of Error. 
Book IV, Inductive Investigation; Observation; Experiment; 
Method of Variations; Theory of Approximation; Quantitative 
Induction; Use of Hypotheses; Empirical Knowledge, Explana- 
tion and Prediction; Accordance of Quantitative Theories and 
Experiments ; Character of the Experimentalist. Book V, Gen- 
eralization; Analogy; Exceptional Phenomena; Classification. 
Book VI, Reflections on the Results and Limits of Scientific 
Method. 

‘the work is abundantly enriched with illustrations from actual 
incidents in the history of scientific discovery, and the bearing of 
the principles discussed upon practical problems, the suggestions 
of methods, the means of estimating or avoiding error, are treated 
in a very interesting and instructive way. It is eminently a book 
for the student of science, and the careful perusal of it cannot 
fail to further materially his progress toward clear thinking, accu- 
rate discrimination, and precision of statement. A. W. W. 

4. On Mr. Meek’s note, p. 373 of this vol_—While preparing 
the % on tne Crinoidea, published in this Journal in 1869 and 
1870, Mr. Wachsmuth kindly lent me some of his beautiful speci- 
mens. In his letter, he directed my attention to the curious open- 
ings in the arms of Actinocrinus, and informed me that Mr. Meek 
intended to publish an account of them, in the Paleontology of 
Illinois. I therefore carefully avoided making any allusion to them 
in my papers. Specimens of Caryocrinus exhibited similar open- 
ings at the sides of the arms; and, although I wished to make 
some remarks about them, I refrained from doing so, lest I might 
indirectly anticipate Mr. Meek. (See this Journal, IT, vol. 49, p. 
52, where a diagram is given of the upper part of Caryocrinus 
ornatus.) I figured the ambulacral pores (those in which the 
grooves of the arms terminate), but not the lateral openings. I 
have never alluded to them in any of my papers. I believe the 
small ambulaeral pores in Caryoscrinus to be ovarian. Mr. Meek 
and others would call them oval orifices. But in what way the 
other orifices in Actinocrinus and Caryocrinus are to be explained, 
I have no idea. 

5. Corrections for the paper, on page 193, on the Connection be- 
tween Isomorphism, Molecular Weight and Physiological Action ; 
by James Brake, M.D. (Letter from the author, dated San 
Francisco, March 4.)—The notes on the physiological action of 
the substances were intended to apply to the whole of the sub- 
stances in each group, and not as they now read, as if different 
members of the same group produced different effects. In group 
5 the substance experimented with was the double chloride of 
osmium and potassium and not the chloride of potassium, as 
printed. In describing the relative weights of the substances 
which prove poisonous (page 196), the comparison in line three 
should be between Li and TI, and not Li and K, as printed, and 
in the next line the numbers should read 12°5:1 and 10°4: 1, in- 
stead of 125 and 104; and in line seven, Os instead of Pt. 
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Art. XLIX.—WNotice of New Tertiary Mammals. III; by 
O. C. MARSH. 


AMONG the remains described in the present paper are those 
of several Hdentates, the first detected in this country in the 
Tertiary formation. The numerous extinct species of this 
order previously known, both from North and South America, 
are all from more recent deposits. 


Morotherium gigas, gen. et sp. nov. 


The present genus appears to be most nearly related to 
Megalonyx and Mylodon. From the former, as well as from 
Scelidotherium, it may readily be distinguished by the humerus, 
which has no supra-condylar foramen; while from the latter 
genus, it differs in the femur, which is without a depression for 
the round ligament. The more slender femur, and the concave 
ulnar articulation of the humerus separate it likewise from 
Megatherium. The skull of the present genus is not known. 

In this species, the femur is stout, and in its general propor- 
tions resembles that of Megalonyx Jeffersonti Harlan. The head 
of the femur is hemispherical, but slightly expanded in an 
antero-posterior direction. The great trochanter is massive, 
and rugose, and is raised slightly above the neck. It is some- 
what recurved, and encloses adeep pit, as in the elephant. The 
third trochanter is represented only by a rugosity, mainly on 
the lower half of the shaft. On the posterior surface, there is a 
prominent ridge extending from the great trochanter obliquely 
across the shaft toward the inner condyle. The trochlear sur- 
face for the patella is broad and shallow, and is separated by a 
deep groove from each of the condyles ; the inner groove being 
about twice the width of the other. The humerus is expanded 
at its distal end. The olecranon cavity has little depth, and 
there is no perforation above the inner condyle. The latter 
has its articular face concave transversly, as in Mylodon. The 
outer and inner deltoid ridges unite below, terminating in a 
double tuberosity. 
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Measurements. 
Transverse diameter at proximal end, .-...-...--------- 217° 
Antero posterior diameter of head of femur, .... ....-----106° 
Least transverse diameter of shaft,...........-.-.-..--- 120° 
Least antero-posterior diameter, ......-..--.-.--------- 55° 
Transverse diameter of outer condyle, --.. --..--..---.- 78° 
Least transverse diameter of shaft of humerus, 93° 
Antero-posterior diameter of ulnar condyle of humerus,..- 70° 


The known remains of this species indicate an animal about 
two-thirds the size of Megalonyx Jeffersonit Harlan. The speci- 
mens here described are from Pliocene strata, in Central Calli- 
fornia. 


Morotherium leptonyx, sp. nov. 


A smaller species, apparently of the same genus, is indicated 
by some fragmentary remains, the most characteristic of which 
is an ungual phalanx of the third digit of the fore-foot. This 
resembles most nearly in form the corresponding bone in 
Megalonyx Jeffersonii Harlan, but differs from it in the much 
less developed ungual sheath, and in the presence of a large 
rounded tubercle on the lower side, instead of a flat basal plate. 
The articular facets are quite unequal, the inner being consi- 
derably larger and deeper than the outer. The ridge between 
them is obtuse. The ungual sheath has its greatest develop- 
ment on the inner side. There is a large vascular foramen on 
the outer side at the base of the tubercle, and on the opposite 
surface this is replaced by several smaller orifices. This phalanx, 
when entire, was about 90™ in length. It is 42™ in 
vertical diameter through the basal tubercle, and 24™ wide 
across the articular facets. The specimen was found in the 
Pliocene beds of Idaho, and has been kindly loaned to me for 
examination by my friend, Prof. J. S. Newberry, of Columbia 
College. 


Stylinodon mirus, gen. et sp. nov. 


A new extinct mammal of great interest is represented by 
portions of both jaws with teeth, and a few other remains, 
which were obtained by the writer last autumn in the Eocene 
deposits of Wyoming. These specimens resemble in some 
respects the corresponding parts of the genus Zoxodon Owen, 
from the Quaternary of South America; but may, perhaps, 
have some more affinities with the Edentates. The lower 
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jaw preserved is massive and deep, and contained six molar 
teeth, all essentially alike, and inserted in deep sockets. They 
all grew from persistent pulps. In form, they are nearly 
cylindrical, with an approach to a quadrate outline in transverse 
section. The outer and inner faces are covered with a thin layer 
of enamel. A portion of a large incisor was found with this 
jaw, and evidently pertains to the same animal. This tooth 
was large, and somewhat curved. Its outer face was coated 
with enamel, marked with transverse lines of growth, and ver- 
tical striae. 


Measurements. 
Extent (approximate) of six lower molars, --.......----- ane 
Antero-posterior diameter of third lower molar, . -.----- 11° 
Width of external layer of enamel,..-..--.-.------------ 9. 
Length of inserted portion of upper molar, 41° 
Width of band of enamel on incisor,..-.-.-..----------- 22° 


The only remains of this species now known are from the 
upper Eocene of western Wyoming. They belong to a single 
indiv;dual, which was about as large as a Capybara. 


Tillotherium latidens, sp. nov. 


A second species of the peculiar genus Zillotherium is indi- 
cated by some remains from the same geological horizon in 
which the type species, 7: hyracoides Marsh, was found.* The 
most characteristic of the new specimens is a last upper molar 
with its crown unworn, and in perfect preservation. This 
tooth has essentially the same crown-structure as the corres- 
pt molar of the above species. It differs, however, in 

aving a prominent buttress attached to the posterior side of 
the postero-external cusp, and a small elevated tubercle on the 
outer margin of its base. On the posterior side of the crown, 
the basal ridge thickens into a high crest, which unites with the 
single inner cone. The enamel of this tooth is coarsely rugose. 
The close resemblance of the true molars in Tillotherium to 
the premolars in more specialized forms is an interesting fact, 
and indicates for this genus a primitive type of dentition. 


Measurements. 
Antero-posterior diameter of last upper 
Antero-posterior diameter through outer lobes, - . ------ 26° 
Antero-posterior diameter through inner cone, - - - - - - - 


* This Journal, v, p. 485, June, 1873. 
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Transverse diameter through 
Transverse diameter through anterior lobe,.-_....--....--41° 
Height of crown through antero-external cusp, .--- .--.-- 14° 
Height. through inner cone, . 14°5 


The type specimens of this species are from the upper Eocene 
of Wyoming. They indicate an animal about the size of a 
Tapir. 


Elotherium bathrodon, sp. nov. 


The largest species of this genus hitherto discovered in the 
West is represented by a few remains in the Yale College 
Museum from the Miocene of Dakota. Among these speci- 
mens is a perfect lower molar tooth, apparently the last, which 
belonged to an animal at least double the bulk of Hlotherium 
ingens Leidy, from the same region. This molar differs essen- 
tially from the same tooth in the other known species of this 
genus, especially in having the anterior pair of tubercles much 
larger than the posterior pair, and elevated high above them. 
There is also a distinct basal ridge, which at the posterior end 
of the crown thickens upward into an obtuse heel. This ridge 
nearly disappears on the sides of the crown, but is well marked 
in front. The enamel is rugose. 


Measurements. 
Antero-posterior diameter of last lower molar, .-----.---- 47°5™™- 
Transverse diameter through anterior cones,......-----.- 34° 
‘Transverse diameter through posterior cones, ------------ 28° 


This species must have been nearly as large as a Rhinoceros. 
The only species of the genus that approached it in size is 
Elotherium Leidyanum Marsh, from the Miocene of New Jersey. 


Yale College, New Haven, April 20, 1874. 
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Plate VI. 
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Plate VII. 


AM. JOUR. SCI. Ill, Vol. VII, 1874. 


y 


\N 


~ 


b 


| 1. 4. 6. 6. 
iz. 
| / 7 NX | 
| Be | 
| | 
| / | 
| \ 
pS 
R VAV wah 
EVANS 
2. a C As > 
SSS 
| VAS | 


| 
| 
i} 
| 


| 


™ 
fe 9) 
> 
> 
= 
Oo 
= 


| 3. 
/ 
/ / | 
fom 
| 
| | | 
| 
| 
| 
: 
\ 
| 
| 
| 
| | 
| VA) | 
| | 
6. | | 
| 
| | | | 
| | 
\ | 
5) & \ | 
| 7 | 


